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PBEFACE. 



I HAVE long entertained the idea of a series of 
Useful Outlines. Twenty years' experience in 
lecturing to miscellaneous audiences has convinced 
me that what is primarily required for the diflfti- 
sion of knowledge is less a full and systematic 
explanation than a pleasant and perspicuous out- 
line. Details and reasonings, however methodical, 
become irksome to minds untrained to research ; 
they are worse than useless to those who have 
neither the leisure nor the necessity to acquire 
them. There are thousands — ^young men striving 
after self-instruction; men in business, whose tim: 
will merely permit a cursory acquaintance with a 
isubject ; the leisurely, who seek information simply 
as an accomplishment; and the gentler sex, un- 
prepared for technicalities — all anxious to read 
and learn, were the facts only presented to them 
in a handy and intelligible form. The informa- 
tion conveyed by such S outline may not be very 
extensive; but if it be accurate as far as it goes, 
it is so much gained of itself, and becomes the 
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surest basis for farther acquisitions. Should the 
reader stop short at this stage, he has at all events 
a certain stock of available knowledge ; and should 
he be stimulated by what he has acquired to pro- 
ceed still further,— ^which in a majority of instances 
will be the case, — ^he has had the best preparation 
for this advancement 

Convinced of the utility of this plan, I com- 
mence the series with a Handy Outline of my 
own special study — an outline conveying in brief 
space such a knowledge of Geology as any well- 
informed mind would Uke to possess. Brief as it 
is, the sketch conveys a fair amount of informa- 
tion, and is specially prepared so as to stimulate 
the reader to the study of works of a fuller and 
more systematic character. Avoiding the plan of 
a text-book intended for students and professional 
inquirers, I have endeavoured to write as I would 
converse to an intelligent audience — dwelling on 
the leading facts, and explaining as I proceed any 
special or technical difiEiculiy. Indeed, one of the 
main features of the volume is sioiplicity of treat- 
ment, — a feature indispensable in all elementaiy 
works, but particularly so in one devoted to such 
a recent and progressive science as Geology. 

Edinbubgh, April 1864. 
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THE EAETH'S CRUST; 



A HANDY OUTLINE OF GEOLOGY. 



I 

WHAT GEOLOGY AIMS AT. 

OvEB whatever portion of the globe we travel we find it 
made up of rocks and rocky substances. The dry land 
is composed of them, and, if we go to the sea-shore, we 
see them shelving away beneath the ocean, or rising up 
in mid- water as shoals, and reefs, and islands. Whether 
we pierce through the hills for railway tunnels, or sink 
into the plains for wells and coal mines, we pass alike 
through rocks differing in colour, composition, and con- 
sistence. The fair inference therefore is, that all the 
exterior or accessible portion of our planet consists of 
rocks; and under this term geologists comprehend, in 
a technical sense, all mineral substances, whether loose 
and shifting like sand, soft and plastic like clay, or hard 
and crystalline like marble. 

These rock-matters, as the most casual observer must 
be aware, differ widely in different localities. In our own 
islands, for instance, if we dig for wells, or cut for rail- 
ways, in and around London we meet with thick beds of 
sand, clay, and gravel ; in Kent and Surrey the hills and 
high grounds consist of chalk; in Derbyshire they are 
chiefly limestones and marbles ; in Durham and Northum- 
berland we have sandstones, and coals, and ironstones ; 
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in the neighbonrliood of Edinburgh, hills of basalt and 
greenstone; in Forfarshiia the prevailing rocks are red and 
gray sandstones; in Perthshire, as in Wales, we have 
abundance of roofing-slates ; and in Aberdeenshire there 
are vast exhibitions of granites and granitic compounds. 
It must be obvious to the least rejecting, that there are 
caQsea in nature for this great vaiiety and diversity of 
rock-snbstances ; and to discover these causes and their 
modes of operation is one of the main objects of geologi- 
cal inquiry. 

Again, when we investigate these rocks more closely, 
we find that a large proportion is arranged in beds or 
layers, one above another, like the courses in a building. 
Such a layer of rock is technicaUy spoken of as a OraHan, 
(from, the I^tin word stratum, strewn or spread ont ; 
plural, ttratOf) and rocks bo disposed are said to be 
ttratifiai. One cannot sink a well or pass through a 
railway cutting without observing this stratiform ar- 
rangement of the earth's materials ; just as we see the 




muds, and sands, and gravels of a river-estoary spread 
out, one above another, in a similar way. As nature now 
operates in laying down sedimentary matter, bed above 
bed, and layer above layer, in lakes, and estuaries, and 
seas, so we rightly infer that all stratified rocks, as sand- 
stones, limestones, clays, and so forth, were formed in 
like manner through and by the agency of wat«r. In 
other words, we regard the stratified rocks as the consoli- 
dated sediments of former ages ; and geology endeavours, 
from an examination of their distribution, compoution, 
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and character, to map oat the areas of the watera in 
which, and the conditions under which, they were de- 
posited. 

Besides the stratified rocks, the obserrer will perceive 
another set, not arranged in layers, bnt rising up in hard 
and homogeneous masses. These are the granites, the 
basalts, and greenstones of our hills, in which no lines of 
sedimeutaiy deposit appear, and which have OTidently 




been formed in a way altogether different from the clays, 

and sandstones, and limestones already alluded Co. When 
we torn to the burning mountain or volcano, and examine 
the lava that has been ejected during times of eruption, 
we find it cooled and solidified into rock-maases, so 
precisely analogous to basalts and greenstones, that it Is 
sometimes even difficult to diatinguifih between them. 
Here, then, as in the former instance, the geologist is 
entitled to infer that tlie lautraliJUd rocks have been 
produced in bygone ages just like the lavas of the present 
day, and he calls them igneous, as having been formed 
through and by the agency of fire, (Lat., ignu, fire.) Aa 
in existing nature, volcanic action, wherever it occurs, 
is accompanied by earthquakes and subterranean convnl- 
Kons, which raise one portion of the ground and depress 
another, cause rents and fissures which are often filled 
with molten rock-matter, and produce irregularity and 
diversity of the land-surface; so geology endeavours to 
discover in the unstratified locka their effects in creating 
hill-ranges, breaking np the stratified rocks, and ever;- 
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where producing irregularity and diversity in the solid 
framework of the globe. 

Still further, on examining more intimately, the ob- 
server detects in many of the stratified rocks the petrified 
remains of plants and animals — stems, branches, leaves, 
and fruits of the one; and shells, crusts, scales, teeth, 
and bones of the other. In existing nature, plants and 
animals are drifted by rivers from the land and carried 
down to estuaries and the ocean, there to be entombed 
among their silts and sediments ; and plants and animals, 
inhabiting the waters, die, and are imbedded in a similar 
manner in the same deposits. Applying his knowledge 
of the present to the interpretation of the past, the geolo- 
gist examines and compares these petrified remains, and 
endeavours to arrive at a knowledge of the plants and 
animals to which they belonged — determining whether 
they inhabited the land or waters, whether they were 
freshwater or marine, and generally, the external or 
geographical conditions under which they grew and 
flourished. 

By the means above enumerated, — ^namely, by an ex- 
amination of the rocks themselves, the areas over which 
they are spread, their thickness and alternations, and the 
kind of plants and animals they contain, — ^the geologist 
strives to ascertain the past conditions of the esjiih, the 
various shiftings of sea and land, the life by which these 
were respectively peopled, and the geographical condi- 
tions that accompanied such mutations. In other words, 
he tries to read the history of our globe as contained in 
its rocky record — describing its external aspects at each 
successive stage in time, just as the geographer depicts 
its existing arrangements of sea and land with all their 
varied garniture of vegetable and animal existences. 
Geology is but the physical geography of former ages ; 
and as the geographer deals with land and water, with 
plant life and animal life, and with the climates under 
which they flourish, so the geologist, who treats the same 
phenomena in bygone epochs, must be acquainted in some 
measure with the leading facts of mineralogy, botany, 
zoology, and meteorology. 
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The deciphering of the world's history in time consti- 
tutes the theareiioal or meatifie aspect of geology, and as 
such, presents an attractive and varied field of intellectual 
exercise. The repeated changes to which the earth's sur- 
face has been subjected, and the wonderful forms by ' 
which the land and waters have been successively peopled, 
must ever present sufficient attraction to the inquiring 
mind, while the observation its facts necessarily call 
forth, and the reasoning its problems require, must, in 
like manner, exalt geology to the position, perhaps, of the 
noblest and most comprehensive of the natural scipnces. 
Beyond its theoretic interest, the science is also of vast 
industrial or practical importance. All the minerals and 
metals, the knowledge and use of which are so essential 
to the progress of civilisation, are derived from the earth. 
As these do not occur indiscriminately, but are found 
only in certain positions and associated with certain 
classes of rocks, it is indispensable to ascertain their 
position, their modes of occurrence, their abundance, and 
the facility with which they can be obtained. This geo- 
logy alone can do with certainty and satisfaction ; hence 
its great value to civilised nations, and especially to 
countries which, like Britain, derive so much of their 
importance from their mineral and metallic treasures. 

Combining its theoretical and practical importance, 
geology has recommendations to its cultivation which 
few of the other sciences possess; and the only reason 
for its being less generally known is its comparative 
recentness as a study of exact observation and deduction. 
Till the commencement of the present century it can 
scarcely be said to have existed as a science; all before 
that period being mineralogy — a description of rocks, 
minerals, and crystals ; or theories of the world, founded 
more in the imaginations of their authors than on the 
observation of facts as they occur in nature. Qeology, 
as a world-history, was unknown: and men in general 
contented themselves with the patristic doctrine of the 
world's recent origin, and its subsequent re-moulding by 
the Noachian deluge. So soon, however, as it was dis- 
covered that its rocky structure had been subjected to 



12 THE EABTH'S GBU8T. 

repeated ph]rsical change; that its strata contained the 
remains of innumerable creatures that had lived and died 
ages before the advent of man; and that its antiquity 
was not to be reckoned by centuries, but by cycles— then 
geology took its place as a science, and its course has ever 
since been rapidly and satisfactorily forward. 



Such is the aim, scope, and character of geological 
inquiry. Its function is to read the history of our globe 
— ^tracing back, stage by stage, from the changes now 
taking place on its surface to those which occurred in 
bygone ages, and of which the only record lies deeply and 
often obscurely registered in its rocky structure. Geolo- 
gists speak of this rocky structure as the '* crust of the 
globe," distinguishing thereby all that we can see in pre- 
cipices, ravines, and sea-difis, or reach by railway cuttings, 
mines, and coal-pits, from the 'interior of the globe," of 
which we can know nothing by actual observation. The 
term was employed by the earlier cultivators of the science 
imder the idea that the interior of the earth was in a state 
of molten fluidity; but it is now used simply as a con- 
venient technicality for the exterior rocky structure acces- 
sible to our investigation, and without reference to any 
theory as regards the nature of the interior. On this 
crust are exhibited all the changes now eflected by air 
and water, by rivers, waves, and tides, by earthquakes 
and volcanoes ; and in the rocks of this crust are regis- 
tered all the changes that took place through the same 
agencies in former ages. Every distinct set of rocks 
bespeaks a new arrangement of sea and land ; every rock- 
structure indicates the mode of its formation ; and every 
assemblage of organic remains reveals, less or more, the 
external conditions under which it flourished on the land 
or in the water. The crust of the globe, therefore, forms 
the wondrous record of world-histoiy which science endear 
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▼onra to reyeal ; it is the great storehouse of those minerals 
and metals which industry labours to apply to the utilities 
and luxuries of dviHsed existence. Geology has thus all 
the interest of a wondrous Fast to attract ; it possesses all 
the value of a sterling Present to incite to its study and 
acquirement 



n. 

CAUSES OF GEOLOGICAL CHANGE 

It has been stated in the preceding chapter that the 
earth's crast is mainly composed of stratified and unstra- 
tified rocks— the former produced through and by the 
operations of water, the latter through and by the agency 
of fire. It was further stated that the stratified rocks 
contained abundant remains of plants and animals in a 
petrified or fossil state (L&t,,fo88U8y dug up) — ^these remams 
having been entombed in the strata when originally laid 
down as soft silt and sediment in the waters of deposit. 
These strata, produced at successive stages, and subse- 
quently upheaved and disturbed by the volcanoes and 
earthquakes which discharged the unstratified rocks, neces- 
sarily imply change of condition and lapse of time ; and 
the arrangement of these changes in orderly sequence is 
the great object of geology. But before we can rightly 
interpret these changes, and the times required for their 
accomplishment, we must imderstand the nature of the 
causes that produced them. And this brings us to a con- 
sideration of the belief that the causes now productive 
of stratified and unstratified rocks are the same in 
kind with those that produced them in bygone age& In 
other words, we appeal from the present to the past, from 
the recent to the remote ; and the better we understand 
the nature of the agencies now operating on the crust of 
the globe — winds, rams, frosts ; springs, streams, rivers ; 
waves, tides, currents; volcanoes, earthquakes, upheavals, 
and the like — the better will we be enabled to interpret 
the history of the stratified and unstratified rock-arraDge- 
ments which have evidently been produced by simiLur 
modes of causation. 
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The causes now productive of geological change are 
usually arranged under five great heads : — ^The Atmospheric 
or Meteoric, operating chiefly through the medium of the 
atmosphere; the Aqueous, acting through and by the 
agency of water; the Organic, such as arise from the 
growth and decay of plants and animals ; the Cliemical, 
produced by the action and reaction of bodies upon each 
other ; and the Igneom or Vulcanic, that result from some 
genend and apparently deep-seated source of subterranean 
heat. At the present day these agents are incessantly 
active ; and reasoning from the constitution and planetary 
relationship of the globe, we infer that they have been 
similarly active in idl times past. Over local areas they 
may operate at one time with greater intensity than at 
another, and their results may sdso vary as they are situ- 
ated within tropical, temperate, or arctic latitudes ; but 
area for area, and latitude for latitude, we regard them as 
having acted ceaselessly and imiformly through all pre- 
ceding ages. The manner in which they operate, aiid 
the geological results they produce, we shall now briefly 
indicate. 

Under the Atmospheric or Meteoric are comprehended 
such agencies as winds, rains, frosts, and the like, which, 
though universal, act in intensity according to latitude, 
altitude, and other geographical conditions. Thus winds 
drift about all loose matter, and where blowing steadily 
or chiefly in one direction, (as the trade-winds,) must pro- 
duce important results in carrying forward and piling up 
loose sands, like those of the sea-shores and the great 
deserts of Africa and Asia. In this way rivers may be 
obliterated and absorbed, valleys filled up, and tracts of 
fertile land overlaid and converted into barren hillocks or 
sand-dimes. Eains wear and wash away all loose and 
pulverulent material, and where soils are unprotected by 
herbage, or weathered rock-surfaces are exposed to their 
full force, great waste is every season accomplished through 
their agency. In our own islands, where the rain-fidls 
are comparatively gentle, and do not exceed 30 or 40 
inches in amount per annum, the waste is inconsiderable ; 
but in tropical and sub-tropical latitudes, where the rain- 
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fall amounts to 100 or eyen 200 and 300 inches a year, 
and the torrents often sudden and heavy, their effects on 
the dry and parched surfaces is enormous — ^the streams 
running mud rather than water for days in succession. 
Of all the meteoric agents, frost is by far the most obvious 
and impressive in its results. Its full effects are felt 
within the polar circles, where land and water are all but 
perpetually ice-bound; in the temperate zones it occurs 
less or more every winter; and in all latitudes it is peren- 
nial above the snow-line. The water that lodges within 
the pores and chinks and fissures of rock-matter expands 
under frost, and thus separates the component parts, 
which, losing their cohesion when thaw comes, fall asunder 
and are disintegrated. This disintegration is sufficiently 
obvious in our own islands on all ploughed soils, road^ 
cuttings, and rock-diffis; but in moimtainous regions^ 
like the Alps and Himalayas, its full force is felt on every 
precipice and exposed rock surface. In mountain regions, 
where glacier and avalanche accumulate, these, after grinds 
iDg and wearing, discharge their disintegrated rock debris 
into the glens and valleys below ; while along arctic shores 
they launch the iceberg and ice-floe, which float the debris 
into mid-ocean, and drop it on the sea-bed as they melt 
away. Besides winds, rains, and frosts, the carbonic add 
and moisture of the atmosphere also exert a weathering 
and wasting influence on every exposed rock-surface — 
most perceptibly, of course, on soft and calcareous sub-, 
stances, (Lat, calXf calcis, lime,) but less or more on every 
other material 

The Aqueous agents, or those operating through and by 
the power of moving water, are chiefly streams and rivers, 
waves, tides, and ocean-currents. All running water 
exerts a wearing influence on the surfaces over which it 
flows, partly from its own force and partly also from the 
rubbing or triturating of the pebbles and stones it carries 
along with it. In this way, aU streams excavate for them- 
selves a channel ; and the deepening and shifting of such 
channels produce, in course of time, ravines and gorges. 
As with streams, so with the larger rivers— their excava- 
ting power depending partly on their velodty, partly on 
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their volume of water, and partly on the nature of the 
materia (soft or hard) over which they flow. As 
the higher ravines and gorges have been excavated by 
streams and mountain-torrents, so the lower valleys (m^ 
leys of erosion) have been eroded or worn out by rivers — 
the eroded material being carried onward, and deposited 
as silt and sediment in lakes, estuaries, and seas, there to 
form the strata of future formations. Among the most 
powerful and persistent of aqueous agents, are the waves, 
tides, and currents of the ocean. The waves battering 
against the sea-cliffs are continually abrading and under- 
mining, and tMs in proportion to their own force, the 
structure of the cliffs, and the softness of the material 
upon which they act. The materials of the landslips and 
diff-falls thus occasioned, pounding against each other 
under the commotion of the waves, are soon reduced to 
shingle, and sand, and mud, and in this state are swept 
along by the tides, and deposited in the quieter recesses of 
bays and gulfs. We have abundant evidence of this action 
along our own coasts, wherever the cliffs consist of the 
softer stratified rocks ; and taking into account the length 
of shore-line all over the world, we can readily conceive 
the enormous amount of waste and re-distribution of 
material that annually takes place through the medium 
of wave and tidal action. As with tidal currents, so also 
with the great oceanic currents, (the Equatorial, Polar, Gulf 
Stream, &a,) though in a less obvious manner. They are 
all abrading and transporting rock-matter from one area 
to another, and distributing it along the searbottom in 
stratiform masses of great extent, and, it may be, in many 
instances, of great thickness and variety. 

The main effect of aqueous action, whether it manifests 
Itself in rain, rivers, waves, tides, or oceanic currents, is to 
wear down the high and exposed portions of the earth's 
crust, and transport the abraded material to lower levels. 
The matter worn from the hills and high-lands by frost, 
and rain, and rivers, is borne down to lakes, and estuaries, 
and seas, there to be spread out as sedimentary strata ; 
and that wasted from the shores by waves, or scoured 
from the sea-bed by currents, is in like manner distri- 

B 



18 THB EABTETS GBUST. 

buted in the more sheltered bays and recesses, at carried 
out to the quieter depths of the ocean. Aqueous agency 
is thus the great wearer and smoother-down of all the 
irregularities and asperities of the dry-land ; just as it is 
the great former of all the sedimentary and stratified 
rock-matter which fills up the hollows and inequalitieB 
of the ocean. 

The Organic agencies are those, of course, which arise 
from the growth and decay of yegetable and animal life. 
The yegetable matter that accumulates year after year in 
peat-mosses, like those of our own islands ; in cypress- 
swamps, like those of North America ; and in mangrove 
jungles, like those of many tropical estuaries, are illustra- 
tions of the mode in which plant life adds to the solid 
material of the globe. Many of these accumulations are 
of great thickness and extent ; and if overlaid by other 
rock-matter, and sufficiently consolidated, would form 
beds of lignite or wood-coal, (Lat., lignum, wood,) precisely 
similar to that excavated from the clays and gravels of 
many countries; or if still further consolidated and 
mineralised, would be converted into true coals like those 
of the older strata. Besides accumulating m situ (their 
original position) as peat-mosses, cypress-swamps, jungle, 
and forest-growths, vegetable matter is also drifted down 
in masses by many rivers (as the pine-rafts of the Missis 
sippi,) where getting water-logged, it sinks among the 
sediments of tiieir estuaries, and adds, of course, to the 
accumulation. As with plants, so with animals. The 
larger and terrestrial animals add little to the solid frame- 
work of the globe, and when entombed in sediments, only 
become evidences of the kind of life that existed at the 
period of their enclosure; but the minute and marine 
animals, as shell-fish, corals, f oraminif era, and other micro- 
scopic creatures, contribute largely by their secretions to 
the amount of its rock matter. Shell-beds, whether en- 
tombed where the animals lived, or drifted on shore, form 
beds of shelly limestone; coral-zoophytes pile up reefs 
and barriers of vast dimensions in the oceans of the 
southern hemisphere ; and the minute shields and cases 
of the foraminifera (microscopic organisms dotted with 
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pores or forcmina for the protrusion of their parts) ao- 
cumolAte in myriads on certain portions of the sea-bed, 
where in process of time they will constitute calcareous 
strata of great extent and thickness. Many of the chalks 
and limestones and marbles in the solid crust are but 
the shell -beds, coral-reefs, and foraminiferal accumula- 
tions of former epochs; and we perceive in those now 
accumulating in existing seas, the chalks and limestones 
of future ages. 

The Chemical agencies, though less perceptible, perhaps, 
than either the atmospheric, aqueous, or organic, are 
nevertheless effecting important changes on and within 
the crust of the earth. As the carbonic acid and mois- 
ture of the atmosphere weather and dissolve the surface 
of calcareous rocks, so, in the solid crust, the percolation 
of water contaLoing carbonic acid, of water and steam 
heated to high temperatures, and of hot vapours and 
gases in general, dissolves the rocky strata, and carries 
the matter in solution to the surface. This is the origin 
of our chalybeate or iron springs, of our calcareous or 
lime springs, siliceous or flint springs, (Lat., sUex, flint,) 
salt springs, borax springs, sulphur discharges, and the 
like, which occur less or more in every region; but 
notably so in the neighbourhood of volcanoes and earth- 
quake districts. There is thus a twofold effect produced 
by these agencies— a wearing of material from within the 
crust, and a re-deposition of it on the surface in the form 
of Hme, silex, salt, sulphur, and other similarly formed 
substances. Besides such results as the above, there are 
also the incessant actions and reactions that take place 
between all mineral bodies, as in the solidiflcation of 
strata^ the production and cooling of volcanic discharges, 
the formation of mineral and metallic veins, and the like 
—all of which involve the consideration of chemical 
agency at one period or other of their formation. 

Igneous or Vulcanic agency (Vulcan, the god of fire) 
exhibits itself most perceptibly in volcanic eruptions and 
discharges, in earthquakes, hot springs, gaseous exhala>- 
tions, and the like — all of which obviously depend on the 
presence of heat more (x less deeply seated in the crust of 
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the earth. The trae volcano acts partly by npheaying the 
rocks through which it bursts, but mainly and most fre- 
quently by the accumulation of the erupted materials 
round its crater or bowl-shaped orifice, (Qr., crater^ a bowL) 
These materials — dust, scorisB or cindery fragments, loose 
stones, and lava or molten rock-matter — ^accumulate in a 
conical form round the crater, and in course of ages pile 
up mountains many thousand feet in height As dis- 
charge after discharge increases the volcanic cone, so 
volcanoes occurring less or more in linear directions, con- 
stitute mountain-chains. Closely associated with vol- 
canoes, and occurring most frequently immediately before 
their eruptions, are earthquakes, whose convulsive throes 
disrupt the solid crust— causing rents and fissures, up- 
heaving one portion and sinking another, and everywhere 
producing irregularity of surface. Hot springs, gaseous 
exhalations, and kindred phenomena, may and do occur 
in almost every country ; but most abundantly^ and on a 
notable scale, in volcanic and earthquake areas. Besides 
the volcano and earthquake, which accumulate, upheave, 
submerge, and disrupt more or less suddenly, there is 
also a slow and gradual uprise and downfall of the earth's 
crust in certain areas, which in all likelihood is dependent 
on the same great source of vulcanism or internal heat 
The coasts of Scandinavia, Spitzbergen, Siberia^ and the 
islands of Arctic America, are all marked by terraces or 
recent shore-lines of uprise; just as portions of Greenland, 
the southern shores of the United States, and the coasts 
of Cutch in India^ are marked by evidences of gradual 
depression. This slow but incessant cru9t moiwn is evi- 
dently the great re-distributor of sea and land, though its 
action is too often overlooked in our study of minor, but 
more obvious phenomena. 

The main ^ects of volcanic or igneous agency is to 
upheave or submerge, to disrupt and accumulate, to 
disturb the original horizontal position of the stratified 
deposits by fractures and upthrows and downthrows ; and 
everywhere to produce a set of rocks altogether unlike 
those sedimented in layers from water. In most in- 
stances the igneous rocks are hard and crystaUine, and 
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massive or amorphous in structmre, (Gr., a, without, mor* 
ph^^ definite form); and even where the successive dis- 
charges of lava, dust, and ashes are accumulated one above 
another in a volcanic mountain, this arrangement can 
never be mistaken for that of sedimentary stratification. 
Even where showers of dust and ashes happen to fall in 
water, and become interstratified with true sediment, their 
texture is in general easily distinguished from that pro- 
duced by the water-worn particles of the aqueous strata. 
A common effect of the igneous rocks is to harden and 
alter the texture of the stratified rocks with which they 
come ii} contact, and this whether they flow over them 
in beds of molten lava^ or burst through them, and fill 
up rents and fissures. 



Such are the agents — atmospheric, aqueous, organic, 
chemical, and igneous — which are at present productive 
of all geologic^ change on and within the crust of the 
globe, and which, we infer from the character of the 
stratified and unstratified rocks, have been productive in 
like manner of all the phenomena that took place in for- 
mer ages. Believing in the uniformity of natural law, the 
geologist ascribes similar results to similar causes; and 
thus his knowledge of existing operations becomes the 
key wherewith to unlock the secrets of the past. In 
investigating the earth's crust, he finds strata composed 
of certain ingredients laid down in a certain way, con- 
taining the remains of certain plants and apimals, oc- 
cupying definite areas, and upturned and broken through 
in a peculiar manner by unstratified rocks ; and he tries, 
from his knowledge of what is now taking place on the 
earth, to account for these phenomena — the agents which 
produced the materials of the strata, the nature and ex- 
tent of the waters in which they were deposited, the kind 
of life that peopled these waters and adjacent lands, and, 
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lasdy, the amount of change produced on the district by 
Yolcanic discharges and earthquake convulsions. 'To aU 
this he has no other guide than his knowledge of the 
causes that are now productive of geological change, and 
which we have endeavoured briefly to explain in &e pre- 
ceding pages. 

Though usually described as meteoric, aqueous, organic, 
chemicad, and igneous, these modifying causes may, on the 
whole, be conveniently considered under two great cate- 
gories—the powers of waste and levelling from without, 
and the powers of reconstruction and upheaval from 
within. Uncontrolled, the meteoric and aqueous would, 
in course of ages, reduce all the high and dry lands to a 
uniform surface of watery level, incompatible with that 
diversity of vegetable and animal life which seems to be 
the grand design of creation ; but to counteract this ten- 
dency, the vulcanic forces, upheaving from within, produce 
irregularity and diversity of surface — deep sea and dry 
land, hill and dale, level plain and rugged mountain, and 
all that variety of condition on which variety of plant life 
and variety of animal life is so immediately dependent. 
Between these two great opposing forces the earth's crust 
is ever held in habitable equilibrium. Let us next con- 
sider its structure and composition as the results of their 
incessant operations.. 



THE JROCKY CRUST-ITS COMPOSITION AND 
STRUCTURAL ARRANGEMENT. 

Thb result of the operations described in the preceding 
chapter is tfie production of rocks and rock-formations. 
Rains and rivers cannot wear and waste without producing 
sediments in the waters into which they flow ; volcanoes 
cannot emit showers of dust and ashes, or overflows of lava^ 
without creating new rock-masse& The older rocks will 
thus get covered over by the newer; and in course of ages 
there will necessarily be a vast succession of stratified and 
unstratified formations. It is this vast succession of 
water-formed, organically-formed, chemically-formed, and 
fire-formed rocks which constitutes the exterior portion 
of the globe; and this we designate the ** crust," in con- 
tradistinction to the "interior," of which we know no- 
thing by direct observation. 

That the interior differs from the crust, if not in the 
nature of its substances, at all events in the condition in 
which they exist, is evident from two main considerations. 
In the first place, the weight of the whole globe, as de- 
duced from astronomical and physical considerations, is 
5^ times that of water, while the average weight of the 
known rocks is only %\ that of water. If the laws of 
attraction and gravitation hold good, the rocks known 
near the surface would, at the depth of 100 miles, be so 
compressed as to give to them a much greater density or 
weight than 5^ times that of water; so that if the interior 
of the earth be composed of rock-matter, it must be in a 
lighter and more diffused state than that in which it ap- 
pears at the surface. In the wxmd place, it has been found 
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by experimentB that while the first 80 or 90 feet of the 
crust becomes warmer under summer^ s heat and colder 
under winter s cold, all beneath that depth grows hotter 
and hotter, at the rate of one degree Fahr. for every 60 
feet of descent. If this ratio holds good, no matter what 
the effects of compression, a temperature must be reached, 
in less than 100 miles, at which every rock-substance 
known at the surface would be held in a state of molten 
fusion, and from such a source in all likelihood arises the 
phenomena of earthquakes and volcanoes. These two 
considerations, altogether different in their nature, tend- 
ing so remarkably to the same conclusion of a lighter and 
more rarefied interior, and heat being the only known 
agent capable of producing such a condition, it has be- 
come a very prevalent belief that the interior of the earth 
is in a state of high incandescence or molten fusion. But 
whatever the condition of the interior, it is advantageous 
to draw a Hue of distinction between the exterior crust, 
whose formation we can discover, and the interior mass, 
of which we can know nothing by direct observation. In 
this crust all geological change is registered; and to the 
interpretation of this record, by sound methods of induc- 
tion, do the students of modem geology very wisely 
restrict their investigations. 

This crust, as already stated, is mainly composed of strati- 
fied and unstratified rocks— the former for the most part 
produced by deposition in water, hence known as aqueouSj 
sedirnentarj/f or stratified ; and the latter chiefly discharged 
from volcanic orifices, and on that account termed igneous, 
eruptive, or unstratified. The original disposition of sedi- 
mentary rocks is less or more horizontal; but when 
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1. Horlsmtal strata; 8. IneUned; 8. On edge; 4. Synclinal ;Jib AnticUnaL 

broken up by earthquakes and volcanoes, they assume 
every conceivable position, being thrown up at various 
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inclinations, bent, contorted, or even sometimes over- 
turned upon themselyes. Such positions are techni- 
cally known as honeontal^ inclined^ vertical or on edge, 
bent into anticlines and synclineSy contorted and reversed. 
The igneous rocks, on the other hand, which are the 
main agents in disturbing the sedimentary strata, are 
usually spoken of as disrupting, overlying, and mi%X' 
stratified— <£MrMptiwgr, when they simply break through 
the strata; overlying, when they have flowed over them 
like sheets of lava; and interstraUfied, when the overflow 
has been covered over by newer sedunents, and appears 
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among them as a stratum, or when showers of dust and 
scoriae have fallen in water, and been overlaid by true 
water-formed sediments. 

When strata have been disturbed from their original 
horizontal position, they necessarily slope or incline down- 
wards into the crust, and this slope is technically known 
as their dip. The broken edge of the stratum that comes 
to the surface is called the outcrop, and the line of out- 
crop is spoken of as the strike. The dip and strike of a 
stratum are necessarily at right angles to each other— a 
southerly dip having an east and west strike, and vice versa. 
As solid strata cannot be acted upon by subterranean 
forces without being rent and fractured, the direction, 
slope, and character of such fissures assume importance in 
geology, and are spoken of as faults, and as uptfirows or 
downth/rows, according as the strata rise or fall from the 
position of the observer. When a fault or fissure is filled 
tip with igneous matter from below, the injected rock is 
termed a dyJce; and when fissures are occupied by aggre- 
gations of mineral and metaUic matter, they are spoken of 
as hdea and veins. Besides the greater faults and fissures. 
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which often extend for miles without change of direction, 
there are minor rents, which are tiinply called craekt, when 




varying and irregular ; but joints, when th^ divide the 

strata, more or less regularly, into blocks with parallel faces. 
The etnteture of rocka— that is, the mode in which they 
arepiledupinthecrust — and their fea;(ure— that is, the inter- 
nal arrangement of their component particles — often afiord 
important indications of the conditions under which they 
were formed, and hence the necessity of explaining the 
technicalities by which these are distinguished. In 
describing the stratified rocks, we use the term stratum 
when of some thickness, and layer when thinner; and 
though in familiar language we speak of heds of sandstone 
and uaTM of coal, yet, in strict phraseology, bedding is the 
manner in which strata overlie one another, and seam, the 
parting or line of deposit between them. Strata which 
separate in thin layers are Biiid to heflaggi/, as our paving 
or flagstones; and laminated, when in still thinner leaves 
or plates — these lamina indicating tranquillity or slow- 
ness of deposition. Another Btractnre frequent in fine- 
grained strata, like clay-slate or roofing-slate^ is that of 
cleavage, which causes the rock' to split in thin plates^ 
(slaty-cleavage,) and this not in lines parallel to, but more 
or leas perpendicularly through, the stratum. Where the 
lines of stratification are obscure, as among the old crys- 
talline and micaceous rocks of the Highlands, the strata 
are spoken of as ecMiU, (Qr., echinna, a splitting); and 
their irregular lamination aa foliation, (Lat, folivm, a leaf) ; 
and hence, also, the terms foliated and eckUtote, which are 
generally applied to them. Among the igneous rocks we 
have the oolwmttr atmctnre, so beautifully exhibited in 
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the basalts of Staffa and the Giant's Causeway ; the «t<5- 
<x>lu/nvnar, or less perfectly columnar, as in many green- 
stones; the tabular, or square-like blocks, so common 
among granites ; and the concretionary or spJieroidal, which 
is best [^ewn on the weathering of basalts and greenstones. 

As regards texture, the terms used to describe it are, for 
the most part, the same as those employed in every-day 
language. Thus a rock is said to be porous when spongy- 
like, or full of pores, like pumice; tmcidar, or full of little 
cavities, like lava; fibrom, when composed of distinct 
fibres, like asbestos; granular, when made of distinct 
angular grains or particles ; and oolitic, (an oolite or roe- 
stone,) when it consists of rounded grains, like the roe of 
a fish. Again, rock- substances are spoken of as crys- 
tallised, when consisting of distinct crystals ; crystalline, 
where the crystallisation is confused and indistinct ; tub- 
crystalline, where the texture is still less crystalline and 
obscure ; and saocharoid, when it assumes, like certain 
marbles, the appearance of loaf-sugar. Such terms as 
earthy, friable, compact, &c., need no explanation ; they are 
understood in scientific descriptions in the same sense as 
in every-day language. Sandstones are but consolidated 
sands; conglomerates, consolidated gravels; breccias, or 
rocks of brecdated texture, are composed of angular frag- 
ments, and not of water-worn pebbles, as in the case of 
conglomerates; and shales, (Ger., schalen,) but consolidated 
muds, which have assumed a more or less laminated struc- 
ture through pressure, and split up in irregular leaves or 
laminae. 

Whatever be the composition, structure, or texture of 
rocks, — that is, whatever the chemical substances of which 
they consist, (silica, alumina, lime, magnesia, &c.,) the 
manner in which they are piled up in the crust, or the 
more intimate arrangement of their particles, — Geology has 
mainly to do with them as stratified and unstratified 
masses. The igneous may afford evidence of the convul- 
sions to which the earth's crust has been repeatedly 
subjected; but the stratified, having been brought to- 
gether by water, deposited in water, and containing the 
remains of plants and animals, are those to which we 
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chiefly turn for evidence of the earth's former conditions. 
They constitute, as it were, the great chapters of world- 
history; and Geology endeavours to arrange thenx in 
chronological order, that it may trace in natural sequence 
the course of events from the earliest to the latest periods. 
To this end it is chiefly guided by the facts that the 
oldest rocks are necessarily the deepest seated, that the 
older deposits are generally more compacted and altered 
in character than the recent, and that the more ancient 
the fossil plants and animals, the more widely do they 
differ from those now existing. In this endeavour, it ar- 
ranges the strata into groups, and series, and formations 
— &ixh formation consisting of the sediments that were de- 
posited continuously in any lake, estuary, or branch of the 
ocean. Under the operation of aqueous and igneous forces, 
sea and land must have frequently changed places — the 
dry land becoming the sea-bed, and the sea-bed the sur- 
^e of the dry land. At every such change the up- 
heaved sediments constitute a fdrmcUum, and contain 
evidence in their materials of the causes that produced 
them, and in their fossils of the kind of life that peopled 
them and the surrounding dry lands. Thus, were the 
sands and days, and muds and vegetable debris which 
form the low shifting delta of the Mississippi to be con- 
verted into dry land, they would constitute an estiiarine 
forrmxtiorif and furnish evidence, not only of the life that 
peopled the Gulf of Mexico, but also of that (vegetable 
and animal) which inhabited the continent of America, 
and which had been drifted down by the current of the 
river. In the same way we have marine formations, and 
lacustrine or lake formations; and we arrive at a knowledge 
of their areas, their origin, the plants and animals that 
lived in and around them, and the conditions under 
which these existed, by mapping out the strata, examining 
their structure and composition, and deciphering the 
fossils they contain. 

As with formations now accumulating, so with those 
that occur deep-seated in the crust of the eartL Geology 
endeavours not only to read them individually, but to 
arrange them in chronological order^ so as to produce a 
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connected and intelligible history of the globe. As the 
historian speaks of reigns and dynasties and centuries, 
80 the geologist speaks of series and formations and 
epochs ; and as the historian groups his centuries into 
Ancient, MedisBval, and Modem history, so the geologist 
groups his epochs into Primary, Secondary, and Tertiary ; 
or, referring to their fossils, into Palaeozoic, (Ancient life,) 
Mesozoic, ^ddle life,) and Cainozoic (Eecent life.) Tak- 
ing the formations of the British Islands, and arranging 
them in sequence, from the youngest to the oldest, we 
have — (1.) superficial accumulations, as soil, the silts of 
lakes and rivers, peat-mosses, and the like, and these con* 
fititute the Recent or QuaJtemary System; (2.) beneath 
these lie such deposits as the stratified clays, sands, and 
gravels of the London basin, which form the Tertiary 
System; (3.) immediately beneath the London strata lie 
the chalks and greensands of Kent and Surrey, and these 
constitute the Cretacecms or Chcdk System; (4) under the 
greensands occur the clays and sandstones of the Sussex 
wolds, the oolites of Portland and Bath, and the Lias days 
and limestones of Yorkshire, and these formations compose 
the Oolitic System; (5.) beneath the oolites lie the red 
sandstones and marls of Cheshire, which constitute the 
Upper New Bed Sandstone or Triassic System; (6.) under 
the Trias lie the red sandstones and magnesian lime- 
8tones*of Durham, forming the Lower New Bed Sandstone 
or Fermian System; (7.) beneath the Permian spread out 
the limestones, sandstones, ironstones, and coals of 
Northumberland, &a, known as the Carbcmferous System; 
(8.) beneath the coal-measures occur the red sandstones, 
marls, and limestones^ of the Old Bed Scmdstone or De- 
wnian System; (9.) under these lie the limestones, sand- 
stones, and slates of the Silurian and Cambrian SysteTns, 
so characteristic of portions of Wales 5 and (10.) under 
these, again, rest all the crystalline and slaty rocks of the 
Scottish Highlands, for instance, in which stratification 
is indistinct, and which contain no traces of fossils, and 
hence termed the Metamorphic ot N^on-fossUiferotis System, 
Arranging these in tabular form, we have the subjoined 
intelligible synopsis : — 
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Tabdlab View of Stratified Systevb. 

BeOENT or QUATEENABT, > CAINOZOIO. 

Tebtiabt, ) {Becent-Life.) 

CBETAOEOUS or Chalk, ^ •hjn?ar\>7rYTn 

OoLiTio or Jurassic, J-Ti^^/^ Av; \ 

TRiASSio-XJpPBRNiiwEED, f {MiddU-Infe.) 

Permian— Lower New Red, ") 

Carboniferous or Coal-Bearino, (PALEOZOIC. 

Old Red Sandstone or Devonian,... ({Ancieni-Life.) 
Silurian and Cambrian, / 

i^^^c, {^^^) 

Ab the stratified have been arranged in chronological 
• order, so we attempt a similar arrangement of the unstra- 
tified, though from the eruptive nature of these rocks, 
which break indiscriminately through strata of all ages, 
it is impossible to arrive at the same sequential precision. 
. It is usual, however, to designate those which occur in 
connexion with tertiary and quaternary strata as Volcanic; 
those chiefly associated wiUi the secondary and upper 
palaeozoic systems as Trappean; and those found more 
intimately intermingled with metamorphic and pri- 
mary strata as Oranitic, It is true that volcanic out- 
bursts may happen in granitic districts, just as granites 
are found associated with secondary strata; but as a 
provisional and convenient distinction, the terms YoTcanic, 
Trappean, and Granitic are employed by aU working geolo- 
gists. Ihe first refers to the lava and scoriaceous-like 
aspect which characterises the products of active vol- 
canoes ; the second to the terracif orm features (Swedish, 
trappa, a stair) of the hills mainly composed of basalts, 
greenstones, and similar igneous rocks; and the last to 
the granular texture of the true and typical granite, which 
forms by far the largest proportion of the primaiyunstra- 
tified compounds. 
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Such is a rapid outline of the composition and struc- 
tural arrangement of the earth's crust. Of the sixty-four 
or sixty-five elements into which chemists have resolved 
all the substances of the globe, only a very few enter 
largely into the composition of the rocks with which 
Geology has to deal The compounds of silica, alumina, 
lime, magnesia^ carbon, &a, the ores of the metals, and 
water, are the bulkier ingredients — their combinations 
into crystals, minerals, and ores being, however, more 
the subject of Mineralogy than of Geology, which has 
mainly to consider their aggregation into rocks, and the 
causes concerned in this aggregation. Eestricting them- 
selves to this consideration, geologists find that the crust 
consists in the main of stratified and unstratified rocks 
— ^the former the products of water-agency, and depo- 
sited in layers more or less horizontal; the latter the 
products of fire, and breaking through and disturbing the 
former from their original horizontal positions. In this 
way technicalities are required to describe these positions^ 
be they inclined, bent, contorted, on edge, or reversed ; 
or be they fissured and faulted, separated by dykes, or 
intersected by lodes and veins. To render description 
more intelligible, the structure of the stratified rocks is 
spoken of as jointed, as flaggy, fissile, laminated, shaly, 
slaty, schistose, and foliated, as the case ^ay be ; while 
the unstratified are either columnar, sub-columnar, tabular, 
massive, or amorphous. The texture or intimate composi- 
tion of rocks often throws light on the manner in which 
they have been aggregated, and this is usually described 
by such terms as compact, porous, vesicular, cellular, 
fibrous, saccharoid, crystalline, sub-crystalline, granular, 
brecciated, conglomerate, and the like, all familiar in 
every-day language, and of easy comprehension. The 
great object of Geology, however, is to arrange the rocks 
so described into groups and /onwa^ion*— each formation 
being the sediments of a certain sea, lake, or estuary ; and 
these formations, again, into chronological order, that we 
may be enabled to read in sequence the history of the 
earth's mutations from the earliest period recorded in the 
crust, down to the current epoch. For this purpose the 
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formations are grouped into tn/stems, and these again into 
greater periods, according to the aspect of their fossils ; 
and in this way the geologist deals with world-history as 
the historian deals with hmnan-history. He describes 
the reigns of certain forms of life and the external condi- 
tions under which they flourished, just as the latter de- 
scribes the reigns of kings and dynasties and nations, 
and the manners of their times; and grouping them into 
major life-cycles, he speaks of palaeozoic and mesozoic 
and cainozoic forms and periods, in the same way as the 
historian speaks of ancient, mediaeyal, and modem. 



17. 

THE IGNEOUS OE FTRE-FOEMED ROCKa 

Befobb describing the stratified systems, "wMcli form the 
great record of the world's history, it may be convenient 
to consider the igneous rocks— their distribution, charac- 
teristics, and relations to the strata with which they are 
associated. As already mentioned, it is usual to arrange 
the pyrogenous or fire-formed rocks (Gr. pyr^ fire, gino- 
mcd, I am formed) into Volcanic, l^appean, and Gra- 
nitic, not that there is any difference in their mode of 
formation, but that their relative ages have impressed 
different mineralogical characters upon them, and because 
they are in the main respectively associated with different 
stratified systems. 

VoLCSANia 

Under this head we comprise all igneous products 
which have been ejected from volcanoes since the com-' 
mencement of the Tertiary period. Of these volcanoes 
many have long since become extinct, like those of Au- 
vergne and the Rhine : some seem merely dormant^ and 
may or may not again burst forth into activity; while 
others are incessantly active^ emitting vapours, discharging 
showers of dust and ashes, or pouring forth floods of 
molten lava. Whatever be their condition, their principal 
rock-products are dtist, scoricB or cindery matter, siUphur- 
CU8 mndSf lapilli and volcaiuohomhs, pumice or lava-scum, 
and lava itself in every degree of fusion. As a rock, lava 
assumes many different characters, according to the man- 
ner and rapidity of cooling— becoming under rapid refri- 
geration a glassy obsidian, or under slower processes a 
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basalt, a granular tracli3rte, or a cellular tufa. Pressure 
has also much to do with the character of the resultant 
rock, a lava cooled under the open air (sub-aerial) being 
different in aspect from one discharged under water, (sub- 
aqueous,) or at great depths in the crust of the earth. 
Dust and scoriae overlaid by lava on the slopes of a vol- 
cano will differ also in lithological (Gr. lithoSf a stone, 
stony) character from those that happen to fall in water 
and become imbedded among aqueous sediments. In 
this way volcanic products, though differing very little at 
first in mineral composition, assume in the long run a 
great variety of rock-characters, according as. they are 
sub-aerial or sub-aqueous, rapidly or slowly cooled, and 
according to metamorphism or internal changes that may 
arise from long-continued pressure or chemical reassort- 
ment of their component ingredients. 

Though disrupting or breaking through strata of all 
ages, volcanic rocks are chiefly associated, as overlying and 
interstratified masses, with tertiary and recent formations. 
In this way they have modified, and are still materially 
modifying the crust of the globe, partly by their rock- 
accumulations, and partly by the earthquake-convulsions 
that accompany their manifestations. They occur in con- 
nexion with tertiary strata in various parts of Europe, 
Asia, Australia, New Zealand, and South America; and 
at present upwards of three hundred known craters are 
actively discharging their products in lines and centres, 
over which more than double that number are now dor- 
mant, or only manifest symptoms (in hot-springs, mud- 
springs, and heated vapours) of expiring activity. In 
Europe the principal centres are those of the upper 
Mediterranean, with Etna, Vesuvius, &c. ; the Azores, far 
off in the Atlantic ; and Iceland, with Hecla and several 
other unvisited craters. In Asia vulcanism manifests 
itself in the region of the Red Sea, Levant, and Caspian, 
and in the central high lands ; but intensely, and on a 
grand scale, along the whole of the Pacific boundary, 
from the Indian Archipelago on the south, through the 
Philippine Islands, the Japan Islands, the Kurile Islands, 
and the peninsula of Kamtchatka^ on the north. In 
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Africa the great unknown interior la apparently nndis- 
turbedj but along the Bed Sea border, in the Indian 
Ocean, (Bourbon and the Mauritius,) and along the At- 
lantic boundary, (Ascension, Cape Verde, and the Canary 
Isles,) there are abundant evidences of recent and exist- 
ing vulcanism. In the American continent, the whole 
chain of the Andes, from Tierra del Fuego on the south, 
through Chili, Bolivia, and Columbia, in the north, may 
be said to be one unbroken line of volcanic activity, 
which is continued throughout the West India Islands 
on the one hand, and through Central America and 
Mexico on the other, northward more or less through 
the Bocky Mountains and the Aleutian Islands. Indeed, 
the whole terrestrial boundary of the Pacific, both on 
the American and the Asiatic side, is one vast cincture of 
volcanic action, which is manifested also less or more 
over its entire area in the Sandwich, Marquesas, Gala- 
pagos, Society, Friendly, New Zealand, and other islands* 
Wherever these volcanoes occur, whether in long linear 
directions like the Andes, or in widely-s^arated centres 
lik^the islands of the Pacific, they are always less or 
more accompanied by earthquake convulsions ; and thus 
we have not only the accumulation of rock-matter in 
hills and mountain-chains, but upheavals and sinkings of 
the surrounding country, rents and fissures of the crust, 
and the filling of these, in many instances, with injections 
of molten lava from below. In fine, by a careful study 
of existing vulcanism, the nature of the products ejected, 
the effect of rapid or slow cooling upon these products, 
the effects also produced by pressure, — that is, whether 
they have been formed under the open air or in the 
depths of the ocean, — and the results of earthquake con- 
vulsions, we are enabled to arrive at a clearer conception 
of the phenomena arising from igneous £u;tivity in former 
ages. The annexed illustration presents, in the fore- 
ground, an ideal section of a volcano with its central and 
lateral craters, and vast accumulations of lava and scoriae 
piled up in irregular succession ; and in the distance, the 
usual conical aspect of an active volcanic mountain. From 
the mode and rate of accumulation in known volcanoes, 



36 THB SiOKTH'S CRUST. 

it will be readily perceived that the elaboration of monn* 
tains and mountain-chains must be the work of ages, and 
that, when studied in this light, they become in some 
degree a measure of geological duronology, and proofs of 
the vast antiquity of our planet In a geographical point 
of view, the aspect of Yolcanic districts is necessarily hilly 
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and irregular. Hills more or less conical and craterif orm, 
with narrow winding vaUeys between, are the common 
features — the hill-sides regularly sloping, and barren of 
vegetation where the volcanoes are still active; but 
scarped, cliffy, and partially clad with shrubs and trees, 
where, of ancient date, worn down by meteoric action, 
and free from the scorching effects of recent discharges. 



Tbappean. 

Under this division geologists usually comprehend all 
those igneous products which have been produced during 
the deposition of the mesozoic and palaBOzoic strata. In 
Britain they are largely associated with the Old Bed 
Sandstone and Coal-Measures, in the character of basalts, 
greenstones, whinstones, f elstones, pitchstones, porphyries, 
amygdaloids, and traptuffis, either as disrupting, overlying, 
or interstratified masses. Whether we look upon them 
as eruptive products forming hills, as sheet-like overflows 
covering over or intermingled with true sediments, or as 
dykes filling up fissures that traverse the stratified rocks, 
we find in sdl of them the exact analogues of the volcanic 
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series, and so similar in many instances that it wonld be 
impossible to distinguish between them but for the strata 
with which they are associated. As highly-heated pro- 
ducts, they harden and alter the strata with which they 
come in contact — converting sandstones into quartzitesi 
shales into jaspers and porcellanite, and bituminous coals 
into coke-like anthracites. In the basalts, which are usu- 
ally of a dark colour, close-grained in texture, and fre- 
quently columnar in structure, we perceive the effects of 
rapid cooling, or cooling under considerable pressure. 
In the greenstones, which are opener in texture and more 
distinctly crystalline, and merely massive or but sub- 
columnar in structure, we have evidently the results of 
slower cooling ; while in pitchstones and felstones, which 
are homogeneous and compact, we have more the results 
of differences in origmal composition, and perhaps to 
some extent of differences in degrees of fusion. In the 
porphyries, (Gr. porphyreos, purple-coloured, so called 
from a reddish coloured variety largely used in ancient 
Egypt,) which are but felstones with larger inter- 
spersed crystals of felspar or quartz, we have, perhaps, 
the results of metamorphism, or changes subsequent to 
cooling; and in the amygdaloids (Gr. amygdaUm, an 
almond) we are presented with the original almond- 
shaped cavities of the vesicular lava filled up with infil- 
trations of calcareous spar, rock-crystal, agate, jasper, and 
similar crystalline miaerals. In the tuff% or tufas, which 
are always of an earthy and softer texture than any other 
of the trap-rocks, we have clearly the consolidated muds, 
dusts, and ashes of the period — ^some consolidated by the 
pressure of superincumbent beds on land, and others by 
having fallen as sedimentary matter in water. Whatever 
name they are known by, they are but the erupted pro- 
ducts of former volcanoes, rendered more compact and 
crystalline by that slow process of internal change or 
metanwrphmn to which every substance in the earth's 
crust is incessantly subjected. 

Trap-rocks occur in all countries in connexion with the 
secondary and palaeozoic strata, and not unfrequently 
with the still older metamorphic and granitic series^ 
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which they cut through by dykes of basalt, greenstone, 
and porphyry. In Scothuid they enter largely into the 
composition of the Sidlaw, Ochil, Campsie, Kilpatrick, 
Eilbarchan, Pentland, and other liill-ranges ; in England 
they are found in the Cheyiot, Cumberland, Welsh, and 
Derbyshire hills ; and in Ireland in the hills of Antrim, 
Londonderry, and Armagh. Their usual aspect is rounded 
or terraciform hills, "with frequent cli£& of basalt and 
greenstone ; but it should always be borne in mind that 
what is now preserved of these ancient igneous accumular- 
tions is but the merest nucleus — ^all the higher portions, 
as well as all the softer and looser compounds, having 
been washed away by subsequent denudation. It is 
greatly to this denudation that trap-hills owe their ter- 
raced aspect, the softer tufas and interstratified sedi- 
ments yielding to the waste, while the harder beds of 
greenstone and basalt have resisted, and now stand out 
in cli£[s and terraces. The disintegration of trap-rocks, 
rich in lime, potash, and soda, produce open, friabl^ and 
fertile soils, the value of which is further increased by 
the natural drainage they receive through the joints and 
fissures of the underlying rocks. 

Geanitic. 

As already explained, the granitic series comprehends 
all those highlj" crystalline rocks which, like granite, 
syenite, and porphyry, are mainly associated with the 
older palaeozoic and metamorphic strata. Whether it 
arises from their having been formed at greater depths, 
and consequently subjected to greater pressure, or from 
internal or metamorphic changes that have taken place 
subsequent to their formation, their crystalline texture is 
certainly more distinct than that of the trap-rocks ; they 
also shew less structural arrangement, and are never 
porous or vesicular, like any of the lavas. They are 
massive or tabular rocks, with distinct crystallisation, 
and altogether wanting in that alternation of softer and 
harder parts which characterise both the trappean and 
volcanic series. Looking at their homogeneous texture, 
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the distinctness of their crystalline aggregation, and other 
peculiarities, the least practised eye will at once perceive 
a vast difference between them and the younger trappean 
and volcanic rocks. They are, in fine, eTmnently pliUoniCy 
{Pluto, god of the lower regions,) that is, have been 
formed at great depths ; — ^while the traps and lavas, on 
the other hand, are as eminently volcanic — that is, pro* 
duced at small depths, or absolutely on the surface. 

The typical granite, so called from its granular aspect, 
and used so largely for industrial purposes, is a compound 
of felspar, quartz, and mica — ^the crystals in some varieties 
being small and closely compacted, and in others so large 
and loosely aggregated as to be readily separable. What 
is termed syenite (from Syene, in Upper Egypt, where it 
was early worked) is a compound of felspar, quartz, and 
hornblende j protogine, a compound of felspar, quartz, and 
talc ; euritey a whitish, fine-grained mixture of felspar and 
quartz; hypersthenic granite, a compound of felspar, quartz, 
and hypersthene, with scattered crystals of mica; and 
porphyritic granite, any granite that has disseminated 
through its mass large and independent crystals of felspar. 
The granites of Aberdeen, Argyle, Devon and Cornwall, 
the Moume and Wicklow mountains, <fec., are now well- 
known and largely-used rocks, differing in colour, compact- 
ness, and durability. Where only two ingredients (as 
felspar and quartz) enter into the composition, the rock 
is spoken of as a binary granite ; where three (as felspar, 
quartz, and mica,) a ternary granite ; where four, a qvor 
ternary; and so on where the component crystals are stiU 
more numerous. To these and many other similar rocks 
the term granitic is applied, as indicating their nature and 
affinity; and in all of them felspar, quartz, mica, horn- 
blende, and hypersthene are the principal ingredients ; 
and talc, steatite or soapstone, chlorite, and schorl or 
tourmaline, the accidental or modifying minerals. 

Granitic compounds — that is, true granites, syenites, 
protogines, porphyries, steatites, serpentines, and the like 
— occur, in eruptive masses, dykes, and veins, in all the 
higher and older mountain-ranges of the world. They 
appear largely and in great variety in the Grampians and 
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Highlands of Scotland ; in the Cumberland and Corn- 
ish mountains in England ; in the Moume and Wicklow 
mountains in Ireland; in the Pyrenees and Alps; in the 
Scandinavian and Oural ranges ; in the Himalayan and 
Central chains of Asia; in Australia and New Zealand ; 
in the Abyssinian and Central ranges of Africa; and 
flanking, more or less, from end to end the giant ranges 
of the Aiides and Eocky Mountains in the American con- 
tinent. In fine, they are to the older mountain-axes 
"what the traps are to those of the secondary period, or 
the volcanic to the hills of the tertiary and current 
epochs. 



Such are the igneous or fire-formed rocks— their mineral 
characters, their modes of occurrence, and the effects they 
produce on the strata with which they are associated, as 
disrupting, overlying, or interstratified masses. Though 
arranged for the sake of convenience into Volcanic, Trap- 
pean, and Granitic, they are greatly alike in chemical 
composition ; their present mineralogical aspects depend- 
ing partly on the state of fusion in which they are erupted, 
partly on their slow or rapid cooling, and whether this 
took place under pressure or in the open air, and partly 
on the internal or metamorphic changes to which they 
have been subsequently subjected. As groups, the older 
and deeper-seated Granites are the most massive, homo- 
geneous, and crystalline; the Traps display more fre- 
quently structural arrangements, are less crystalline, and 
exhibit in their partially-filled cavities and tuf aceous beds 
clearer evidences of their igneous origin ; while the Vol- 
canic, being more recent and still in course of formation, 
are more vesicular and scoriaceous, as well as more 
varied in their mineral character, and from their obvious 
relations, become the key to the interpretation of the 
Trappean and Granitia Whatever their age or mineral 
character, they all act in a sinular way on the sedimentary 
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systems — disrupting their strata, and throwing them up 
or down at various angles of inclination; filling their 
fissures with dykes and veins ; overlying them in sheet- 
like fiows ; getting overlaid by new sediments, and be- 
coming interstratified ; and in every case acting as heated 
masses in altering the texture of the beds with which they 
come in contact. Theoretically, they are of vast import- 
ance to the geologist in enabling him to interpret the 
changes to which the earth's crust has been subjected; 
economically, they yield many products of utility and 
ornament. The granites, basalts, and greenstones are 
amongst the most durable of rocks for sculpture, building, 
and road-making; certain serpentines, amygdaloids, and 
lavas are used as ornamental stones ; rock-crystals, tour- 
malines, almandines, agates, jaspers, camelians, calce- 
donies, and other gems, are derived from one or other of 
the groups ; and kaolin or China-clay, obsidian, pumice, 
pozzuolana, sulphur, borax, &c., are also among their well- 
known and familiarly-used products. 



V. 

LOWER PALAEOZOIC SYSTEMS: 
METAMORPHIC-CAMBRLAJ^-SILUEIAN. 

As stated in Chapter IIL, the stratified formations are 
usually arranged under three great divisions — the Palaeo- 
zoic, or Ancient-Life ; the Mesozoic, or Middle-Life ; and 
the Cainozoic, or Eecent-Lif e ; each division being charac- 
terised by certain organic remains that do not occur in 
the others. The Palaeozoic comprises the Cambrian, 
Silurian, Devonian, Carboniferous, and Permian systems, 
all more or less fossiliferous, and affording evidence of 
the kind of life that then peopled the lands and waters, 
and to some extent also of the physical conditions under 
which these forms existed. Under Lower Faloeozoic we 
comprehend the Cambrian and Silurian, and indeed all 
those stiU older slates and schists in which indications 
of fossils have been detected. But beneath the lowest 
known fossiliferous strata there occurs in almost every 
country closely associated with, and immediately over- 
lying the granitic rocks, a large development of crystal- 
line schists in which no fossil remains have yet been 
discovered. These schists are generally known, at least 
to British geologists, as the Metamorphic or Hypozoic 
(Under-Life) strata, and require, before entering upon the 
fossiliferous formations, a brief but systematic notice. 

The Metahobphic Strata. 

These strata, so typically displayed, for example, in the 
Scottish Highlands, consist of gneiss, quartzite, mica- 
schist, hornblende-schist, chlorite-schist, clay-slate, and 
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occasional beds of granular limestone. Being bent, con- 
torted, and cleaved, their stratification is often so obscure 
that it is difficult to determine whether certain serpen- 
tines and steatites are in dykes and veins, or in true 
stratified arrangement. On the whole, they are highly 
crystalline strata — gneiss being composed of quartz, fel- 
spar, and mica ; quartzite of granular quartz ; micarschist 
of quartz and mica; and so on of the qthers, which are 
usually named after their most prevalent ingredient. As 
schists, they consist of irregular and crumpled laminae, 
(Jdiatedy in technical language,) and contain independent 
crystals of garnet, tourmaline, felspar, iron-pyrites, and 
other accidental minerals. Some of the gneissic rocks 
have even a porphyritic texture, and were it not for cer- 
tain lines and laminae indicating stratification, it would 
be difficult to distinguish between them and some varie- 
ties of granite. In whatever condition they were origi- 
nally deposited, — ^that is, whether as sands, clays, muds, or 
gravels, — ^they have undergone, in course of ages, such a 
degree of metamorphism, through pressure, heat, chemical 
action, and the like, that they are now aU, less or more, 
crystalline; and if they ever contained fossils, all traces 
of these seem to be obliterated by this metamorphic pro- 
cess. We say, " seem to be obliterated,'* for it may yet 
happen in some localities where metamorphism has not 
been carried to a high degree, that organisms may be 
detected, and thus confirm the opinion that life com- 
menced on this globe with the deposition of the first- 
formed strata. Entertaining this opinion, and knowing 
that it is impossible in the existing state of our know- 
ledge to determine the commencement of life, we have 
ranked them under the present head as a convenient, and, 
on the whole, not unnatural arrangement. 

Metamorphic strata are largely developed, we have said, 
in the Scottish Highlands; they occur also in Cumberland 
and Wales ; in Ireland ; and along the flanks, indeed, of all 
the older and granitic mountain-chains in the world. 
From their unequal hardness, they are usually weathered 
and wasted into fantastic peaks and pinnacles, which 
confer on these hill-ranges that wild and rugged scenery 
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80 characteristic of their age and formation. Indeed, 
wherever they occur they produce that jagged and splin- 
tery aspect (the aiguiUe^ or needle-top of the French) so 
characteristic of Alpine scenery; at the same time that 
they are worn into gorges and ravines of greater wildnesa 
and irregularity than are to be found in the rocks of any 
other system. From their strata are obtained roofing- 
slate, slate-slabs, limestones, marbles, and serpentines; 
and the veins that traverse them are the frequent reposi- 
tories of metallic ores—tin, copper, iron, silver, gold, and 
platinum. 

CamBbian Ststeic 

The CawUbrian System^ so termed by Professor Sedgwick 
because largely developed in Wales, (the ancient Cambria,) 
consists in the main of a great thickness of dark, semi- 
crystalline slates, gritstones, and occasional limestones. 
Fossils are seldom found in the lower portion, but as we 
ascend they become more frequent, and gradually merge 
into those of the Lower Silurian. Still older, perhaps, 
than the Cambrian, are certain slates and schists occur- 
ring in the Hebrides, in the neighbourhood of Lake 
Huron in America, and along the frontier of the St Law- 
rence. These "Hebridean," "Huronian," and "Lauren- 
tian" strata — for by these terms they are generally known 
— contain obscure traces of fucoid or sea-weed-like plants, 
worm-tracks and burrows, fragments of sea-pen-like zoo- 
phytes, and portions of trilobites. As yet these Hebridean 
and Laurentian rocks are the oldest in which traces of 
life have been detected, and as their organic forms are 
closely akin, or even identical with those of the lower 
Cambrian, it seems most convenient and natural to ar- 
range the whole, from the undoubted Silurians down- 
wards to the lowest fossiliferous beds under the Cam- 
brian system. Taking this view, we get an intelligible 
basement, separable from the metamorphic and non- 
fossiliferous schists on the one hand, and distinct from 
the highly-f ossiliferous Silurians on the other. And if it 
shall hereafter be found that these Hebridean and Lau- 
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rentian rocks are really of older date than the Cambrian 
of Sedgwick, and contain some life-forms peculiar to 
themselves, it will even then be better to rank them as 
lower Cambrian, than to camber the science, in its present 
progressive state, with an additional and merely provi- 
sional life-System. 

And here, before entering on the fossiliferous systems, 
it may be useful to those who know little of Botany 
or Zoology to observe, that in dealing with fossil forms, 
Palaeontology (Gr., palaiosy ancient, onta^ beings, logos^ 
reasoning — the science of ancient life) adheres as closely 
as the subject will permit to the classifications of the 
botanist and zoologist. The species, genus, or even 
family may be extinct^ but the orders in genersd remain ; 
and the palaBontologist by careful comparison arranges his 
objects as closely as their structure can indicate along with 
their living affinities. He speaks of the Flora and Fauna 
of a system, meaning thereby its vegetable and animal 
remains, just as the naturalist applies these terms to the 
living vegetables and animals of a country. Beferring 
to the organisation of plants and animals, he speaks of 
lower and higher forms ; to their geographical habitats, as 
aquatic, amphibious, terrestrial, fluviatile, lacustrine, ma> 
line, &C.; and to their relative structures, as flowerless 
and flowering, invertebrate and vertebrate. Thus, FLower- 
less plants, like the mushrooms, lichens, sea-weeds, 
ferns, equisetums, and clubmosses, are simpler or lower 
in structure than the Flowering, which embrace the 
grasses, sedges, palms, cycads, coniferous trees, shrubs, 
and true timber trees, like the beech, ash, and oak. So 
also InverUhrate animals, (those without back-bones,) as 
sponges, zoophytes, sea-urchins and star-fishes, worms, 
barnacles, crabs, and shell-fish, are lower than the Verte- 
hraUf or back-boned, which include the fishes, reptiles, 
birds, and mammalia. Though technical terms are usually, 
employed to designate the different orders, families, 
and genera, we shall avoid them as much as possible, 
using familiar terms instead ; and yet no ordinarily in- 
formed mind need have difficulty in understanding that 
mollusca (Lat., soft animals) means shell-fish ; Crustacea^ 
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(Lat., crusta^ a hard covering or crust,) crabs and losbters i 
or annelida, (Lat, anneUtis, a little ring,) animals com- 
posed of a series of rings, like the leech and earth-worm. 
Where general technicalities are used, we shall explain 
them as they occur; but the scientific names of fossil 
genera and species, in an outline of this kind, are merely 
mentioned incidentally, — ^it being of more importance for 
the reader to know, for example, that gigantic Crustacea 
occur in the Old Bed Sandstone, than that these Crustacea 
are known by the names of pterygotus and eurypterus. 
What we aim at — and our limits will permit of nothing 
more — is a simple sketch : details and reasonings can be 
found in other volumes by those who wish, or are pre- 
pared for, the systematic study of Geology. 

Silurian Sy8Tem[. 

The Silurian System (so named by Sir Koderick Mur- 
chison from its typical development in the district be- 
tween England and Wales inhabited by the ancient 
British tribe of the Silures) consists in the main of a 
great variety of argillaceous strata, (slaty and shaly,) 
limestones, sandstones, gritstones, and occasional pebbly 
conglomerates. Throughout the whole there are frequent 
beds of trap-ash and interstratified greenstones, indicat- 
ing the presence of volcanic action in and around the 
seas during the deposition of the system; and to this 
action is usually attributed the hardening and altering of 
many of the lower and older strata. In the lower portion 
the hard sandstones and slaty beds contain comparatively 
few fossils, and are in mineral characters closely associ- 
ated with the Cambrian; but in the upper portion the 
shales and limestones are replete with marine organisms; 
hence the usual division of the system into Lower and 
Upper Silurian. Throughout the whole, however, the 
strata, whether argillaceous, (clayey,) arenaceous, (sandy,) 
or calcareous, (limy,) bear obvious evidence of their sedi- 
mentary origin, and in this respect differ greatly from the 
schistose and semi-crystalline rocks that lie beneath them. 
The following synopsis of the strata^ as they occur in the 
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typical district of Siluria, represents a thickness of eight 
or nine thousand feet, and is that upon which Sir Bode- 
rick mainly founded the system : — 

^Finely-laminated reddisli sandstones and shales, locally 
Imown as "Tilestones," 
Micaceous gra^ sandstones of varying thickness, 
ArgiUaoeous hmestone, (Aymestiy.) 
Calcareous shale, "with concretions of limestone, (Lud- 
TJPPER. { low.) 

Concretionary limestone and argillaceous shale, (Wen- 
lock.) 
Shellv limestone and sandstone, (Woolhope and May- 
hilL) 
(^Gritty sandstones and shales (Upper Llandovery.) 

Grits and sandy shales, (Lower Llandovery.) 
Thick-bedded white freestone, (Caradoc sandstone.) 
LOWEB. ^ Dark-coloured flagstones and shites, (Bala beds. ) 

Dark-coloured calcareous flags, bands of limestone, and 
gritty flagstones, (Longmynd, or ** Bottom rocks.*') 

With the exception of some indistinct fragments of 
land-plants in the uppermost beds, the whole remains are 
eminently marine, and give evidence of conditions favour- 
able at once to exuberance and variety of invertebrate 
lifa Among the prevailing and characteristic fossils are 
fucoids, or sea- weed-like plants, (chondrites); occasional 
spongiform organisms, (acanthospongia); corals in great 
variety, and often so abundant as to constitute reef -like 
masses of limestone, (heliolites, cyathophyllum, cateni- 
pora); radiate animals, as encrinites&ndstar-JisheSj (cyatho- 
crinus, actinocrinus, protaster) ; annelids, or sea-worms, as 
evidenced by their tracks and burrows in many of the sand- 
stones, (serpulites, scolites); graptolites, or sea-pen-like 
organisms of many kinds, (graptolithus, diplograpsus); 
shell-fish of every order, but with a preponderance of 
brachiopods, (lingula^ orthis, atrypa) ; crustaceans in 
numerous genera of triloUteSy with three-lobed bodies, (asa- 
phus, calymene,) and eurypterites, with broad swimmmg 
limbs and lobster-like forms, (eurypterus); and in the upper- 
most strata (by some regarded as passage-beds into the 
Devonian system) the fin-spines, teeth, and bones of small 
ganoid or enamel-scaled fishes. 
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Strata charactensed bjr tbe preceding fossils are largely 
developed m many conntnes, and m ptirticular along tfae 
flanks of the older EaountBin-chams, vhere they appear 




in rounded and less abrupt forma than the rugged and 
Bplinter; peaks of the hanler and more crystaUine meta- 
morphic strata. They occur in Wales, in Cumberland, 
and Westmoreland; ^ngthe entire south of Scotland; 
south-east of Ireland ; in south of France, Spain, Scandi- 
navia, Bussia, and Bohemia; in Asia Minor; aJong the 
Himalaya and Altai ranges; in Australia and New Zea- 
land; along the Andes, Eocky Mountiuna, and Appala- 
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chians in America. Though usually appearing as well- 
jmarked, alternating marine strata, they are often hardened 
and metamorphosed into siliceous grits and semi-glisten- 
ing slates, and where this occurs they are traversed by 
frequent lodes and veins rich in metallic ores. Platinum, 
gold, silver, tin, mercury, and manganese, are among the 
inost abundant products; and it is especially worthy of 
notice that the richest auriferous veins in the OunJs, 
Calif omia, Australia, and New Zealand, are situated in 
echists of the lower Silurian and Cambrian age. 



Such is a brief outline of the metamorphic and lower 
Palseozoic strata — their lithological or mineral characters, 
their pabeontological or fossil characters, and their geo« 
graphical distribution. Metamorphic rocks — ^that is, rocks 
which have undergone an internal change through heat, 
piessure, chemical action, or, otherwise — ^may and do oc- 
cur in connexion with every formation; but the ''Meta- 
morphic System" usually so called is that which underlies 
in every region the lowest f ossilif erous strata, and consists 
in the main of gneissic rocks, quartzites, granular lime- 
stones, mica-schists, chlorite-schists, and clay-slates — all 
more or less shewing slaty cleavage, crumpled or foliated 
in their lamination, containing accidental minerals, as 
garnet, tourmaline, and chiastoHte, and frequently inter- 
sected by quartz and metalliferous veins. Above these^ 
but partaking in some degree of their schistose and sub- 
crystaUine character, occur the strata of the " Cunbrian 
System," which imbed, as far as yet discovered, the first 
traces of life on our globe, and these consist of obscure 
fi:agments of sea-weeds, worm-tracks and burrows, and 
small crustaceans. Still less metamorphosed, and assum- 
ing the character of ordinary sandstones, grits, shales, 
and limestones in vast succession, appear in ascending 
order the strata of the ** Silurian System." In the lower 
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portion the beds are very siinilar to those of the Cam- 
brian, both in their composition and fossils; but in the 
upper portion the fossils greatly increase in numbers, and 
belong to higher orders of being. Throughout the whole 
series the fossils are eminently marine, and indicate the 
existence of wide-spread seas, where sea-weeds, sponges, 
corals, star-fish, shell-fish and Crustacea, swarmed in v>ast 
profusion. Unless in some indistinct club-moss-like 
fragments, we have no evidence of the terrestrial life of 
the period; and certain culmy or anthracitous shales 
are usuisklly ascribed to the accumulation of marine rather 
than of terrestrial vegetation. Notwithstanding this pre- 
dominance of marine conditions, the reader must guard 
against the absurd idea^ occasionally entertained, that the 
Cambrian and Silurian were periods of all but universal 
ocean. Formations of great thickness and extent neces- 
sarily imply wide-spread lands from which the sediments 
were derived, and the vastness of these paleeozoic systems 
confutes at once the absurdity of an ocean all but uni- 
versal In all such estimates, too, it must ever be borne 
in mind that the existing land forms little more than a 
fourth of the earth's surface — ^the rest being covered with 
water, which prevents even an approximation to the rela- 
tive extent of sea and land in bygone ages. The prevail- 
ing and distinctive fossils of the systems are its corals and 
cystidesd, its graptolites and deep-water brachiopoda^ its 
trilobites and eurypterites — ^the corals being so abun- 
dant as to form reefs of limestone, the graptolites layers 
of culmy shale, and the trilobites to contribute largely to 
those bituminous and oil-bearing strata which of recent 
years have been discovered in connexion with the palsBo- 
zoics of the United States and Canada. Industrially, the 
system yields limestones and marbles, building and pav- 
ing-stones, roofing-slates, but rather soft and perishable; 
and from its veins are obtained gold, platinum, silver, 
and other metals, either native or in orea 
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MIDDLE AND UPPER PALEOZOIC: 
DEVOOTAN--<)ARBO]«FEROUS-PERMIAlSr. 

Whili! the Cambrian and Silurian Systems are generally 
regarded as Lofwer Palaeozoic, the Devonian is ranked as 
Middle^ and the Carboniferous and Permian as the JJ'pper 
members of the period. Though treated as separate 
systems, there is often a great similarity, and necessarily 
80, between the upper strata of one system and the lower 
strata of that which immediately succeeds it. These inter- 
mediate strata are spoken of as " passage-beds," and mark, 
both by their composition and fossil contents, the transi- 
tion from one epoch to another. Thus, in passing from 
the Silurian to the Old Ked Sandstone or Devonian, we 
find, particularly in Britain, a considerable thickness of 
flagstones and tilestones, which have been ranked some- 
times with the one system and sometimes with the other ; 
but which, from their greater abundance of fish-remains^ 
are, perhaps, more correctly arranged as the basement or 
beginning of the Old Bed Sandstone. Not that we regard 
the Silurian, as some have done, "a great period of inverte- 
brate life f but simply because the fishes found in these 
passage-beds are identical with those abounding in the 
Old Bed Sandstone, and can be more intelligibly con^ 
aidered along with them than with the few and doubtful 
fragments which occur in the upper beds of Siluria. 

Ou> Bed Sandstone ob Devonian. 

In the British Islands the coal-measures usually rest 
upon a series of red sandstones and pebbly conglomerates, 
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and are in turn overlaid by another series of red sand- 
stones and magnesian limestones. By miners and the 
earlier geologists the former was named the '* Old Red," 
and the latter the " New Bed." The term Old Red Sand- 
stone has reference, therefore, to the prevailing colonr of 
the strata ; but as the system contains gray sandstones, 
yellow sandstones, and white sandstones, as well as red 
sandstones, the name is not altogether appropriate. The 
title Devonian^ on the other hand, refers to the strata as 
exemplified in Devonshire ; but as a portion of the system 
is not represented in that county, this designation is also 
partial and deficient. In the meantime we may use either 
term as a provisional designation — ^understanding thereby 
that suite of sandstones, grits, conglomerates, schists, 
shales, marls, and limestones that are interposed between 
the Silurian and Carboniferous Systems. In Scotland the 
lower portion consists of thick-bedded conglomerates, 
red and gray sandstones and flagstones, and bluish slaty 
shales ; the middle of pebbly and gritty sandstones, cal- 
careous shales, and concretionary limestones; and the 
upper of red and yellow fine-grained sandstones, with 
mottled shales and marls between. In Hereford the sys- 
tem consists essentially of red and yellowish sandstones, 
calcareous shales, and comstones or concretionary lime- 
stones; while in Devonshire it consists, in ascending 
order, of gray and red grits, gray, red, and greenish schists, 
gray f ossilif erous limestones, slaty shales, and calcareous 
flagstones. Terrestrial life is scantily indicated, by fronds 
of ferns and unknown stems, in Scotland and Irohuid ; but 
in Canada thin seams of coal give evidence of a more 
abundant flora. 

Tabulating the preceding details, and arranging the 
whole system as it occurs in the British Islands into 
lower, middle, and upper groups^ we are presented with 
the f oUowing synopsis :— 

r Yellow and white sandstones, generally fine-grained, 
I alternating with layers of red and ohooolate-ooloiired 
UftKB. < shales ; red quartzose sandstones, nsually underlaid 
Iby, or alternating with, beds of pebbly oonglome- 
Irate. 



Middle. 



LOWEB. 
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''Briok-red qnartzoBe and pebbly landstonei alter* 
nating with mottled shales; layers of pebbly con* 
glomerate; concretlonaiy limestones or comstones, 
associated with thick-oedded marly shales. In 
Devonshire, schists, with sandstones and thick masses 
^o£ marine limestone. 

'Beddish-gray sandstones with enclosed pebbles ; gray 
micaceous flagstones and limestones, with intervening 
beds of bluish shale ; hard dark flagstones ; and thick 
masses of large pebbled conglomerate. In Devoniriiire, 
sandstones, with slaty schists and some impure lime- 

^stones. 



In Scotland the prevailing and characteristic fossils are 
sea^ffeeds (fucoids) and obscure land-plants (ferns and 
dub-mosses ;) several genera of cmstaceans, often of large 
dimensions, (pterygotus, eurypterus, stylonurus, &c. j) and 
a vast variety of fishes — bone-encased, as coccosteus, 
pterichthys, and cephalaspis; with large enamelled scales, 
as holoptychius, glyptolepis, and osteolepis ; and with 
minute enamelled or shagreen-like scales, and armed with 
fin-spines, as acanthodes, diplacanthus, and climatius. 
In the Old Eed of Scotland no corals, tnlobites, or shells 
occur; but in Devonshire the calcareous strata are replete 
with them, and bear evidence of a marine life as exube- 
rant as that of the Upper Silurian. In the north of 
Europe and in North America corals, tnlobites, shells, and 
fishes occur in the same strata, and thus complete the life 
of the system which, by local geographical causes, had 
been separated in the area of Britain* In these Devonian 
strata the characteristic fossils are corahj (heliopor% 
cyathophyllum, favosites) ; trilobites^ (bronteus,calymene); 
and sheUrfish, as terebratula, spinf era, ciicullsda) calceol% 
megalodon, Murchisonia, and clymenia. 

As a system, the Old Eed Sandstone, in one or other 
of its. groups, is widely distributed over the globe. It is 
largely developed in the north and east of Scotland ; in 
the south and west of England ; the south of Ireland; in 
Bel^um and Germany ; very extensively in the fiats of 
Eussia and Central Europe; in Siberia and Tartary; 
along the lower Himalayan ranges; in Brazil; and in 
great force abo in the United States and British North 
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America Wlierever it occma, conglomeratea and grits, 
saudatones and flagstones, shales and schists, all more or 




less partaking of a reddish hue, prevail, with occasional 
beds of comatone and gray foasiEferoua limestones. So 
for as is yet known with c«rt^nty, the Tegetable life of 
the epoch consiats of aquatic pltmta, ferns, and duV 
mosses; and the animal Ufe of corals, encrinitea, ^ell- 
fiah, cnutacea, and fishes. The existence of reptilian life 
is donbtful ; and it is also undetermined whether certain 
poitiona of the ^tem are of maiine or of fresh-water 
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origin. In some areas, as in the British Islands, the 
strata are much broken up and intersected by trap enip* 
tions ; but, on the whole, there are fewer interstratifications 
and evidences of contemporaneous volcanic action than in 
the Silurian system. The industrial products derived 
from the Old Bed Sandstone are building-stones of vari- 
ous quality; paving-stones or flagstones like those of 
Forfar and Caithness; and a variety of limestones and 
marbles. The metallic veins that traverse the system are 
of much less importance than those of the Silurian ; but 
the amygdaloidal and f elspathic traps are in many locali- 
ties rich in rock-crystals, agates, camelians, chalcedonies, 
jaspers, and similar ornamental minerals. 

Casbonipeboxts Sybtebl 

Immediately above the Old Bed Sandstone, and in some 
localities inseparably associated with it by a series of pas- 
sage-beds, occurs the Carboniferous or Coal-bearing system. 
Strata of more recent date — ^the Oolite, Chalk, and Ter- 
tiaries— yield coal of some importance, but in no degree 
comparable with that obtained from the palseozoic coal- 
fields of Europe and North America ; hence the general 
adoption of the term '* CarbonLferous," (Lat. carhOy coal ; 
fero, I bear.) As a system, it consists of several series or 
formations ; but in all they consist of sandstones, lime- 
stones, shales, coals, and ironstones. These strata appear 
in every degree of admixture, as argillaceous limestones, 
calcareous shales, arenaceous shales, argillaceous iron- 
stones, calcareous ironstones, <&c. ; but by the employment of 
such descriptive terms, an intelligible idea of their composi- 
tion can be readily conveyed. In Britain, the system may, 
without much error, be said to be composed of three main 
series — ^the Lotoer Coal-Measures, the Carboniferous or 
Moimtain Limestone, and the Upper or Tnte CoaUMeamres. 
Where developed, the lower group consists of sandstones, 
shales, thin coals, ironstones, and limestones, that indicate a 
fresh-water or estuarine origin ; in the middle group, the 
limestones and shales are replete with marine fossils ; 
and in the upper group, where the shales, thick coals, and 
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ironstones most abound, we have evidence both of terres- 
trial and estuarine conditions. Taking the system as 
usually subdivided by English geologists, we have the 
four following groups, which, with the exception of the 
Millstone Grit, are more or less represented in every Bri- 
tish coal-field : — 

1. Uffbb Ooal-Measube.— a thick series of sandstones, shales, 

fire-cla^s, some impure limestones, ironstones, and coals. 
From its nnmerous seams of workable coal, this group ia 
often spoken of as the " True Goal-Measures." 

2. MniiSTOiTE Gbtf. — Oenerallj a local development of moderate 

thickness, consisting, for the most part, of compact gritty 
sandstones, with interstratifiied shales and thin seams of 
coal. 

dL MoTJNTAur OB OABBONlFEBons LIMESTONE. —A series of thick- 
bedded marine limestones, with occasional shales, sandstones, 
and thin seams of coaL 

4. Lower OoaItMeasubes. — A great thickness of fine-grained 
sandstones and grits, with shales, fire-clays, ironstones, shell 
and fresh-water limestones, and thinnish seams of coaL 

As may be expected in a system partly estuarine, partly 
marine or pelagic, (Gr. pelagos, the deep sea,) and partly 
terrestrial, the fossils are extremely varied, each great 
habitat contributing its quota to the flora and fauna of 
the period. We can only notice a few of the more char- 
acteristic and prevalent. The Flora, or plant-life, of the 
system is one of its most distinctive features — the exu- 
berance of vegetation giving rise to those numerous seams 
of coal which occur throughout, but more particularly in 
the upper formation. Coal is but compressed and miner- 
alised vegetable matter, and its various kinds (anthracite, 
cannel, splint, caking, &c.) depend partly on the state in 
which the plants were accumulated, but mainly on the 
chemical changes which the mass has imdergone since 
formation. Thus, where coal results from vegetation that 
has grown in dtu, like peat-mosses and cypress-swamps, 
it will be pure and homogeneous in texture ; where it has 
arisen from drifted debris, it will be more laminated and 
earthy ; and vegetable masses long macerated in shallow 
waters will give rise to a coal very di£Eerent from that 
produced by fresh and suddenly-covered-up growths. 
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The coal-forming plants, as far as can b 
their alt«red and fragmentary nature, have grown partly 
on dry hmd, but largely in swamps, and in aU likelihood 
in estuarine and marine flats witlun the iufluence of inun- 
dating and tidal waters. They consist of coniferous or 
pine-like trees, (araucarites, farularia, knorria}; of tree- 
ferns, (sphenopteris, "pecopteris, neuropteris) ; of dub- 
mossea and equisetums of gigantic growth, (lepidodendron, 
calamites, hippurites) ; and of a l&i^ assemblage of trunks, 
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stems, leaves, and roots, to which the botanist is at a loss 
to find any existing analogues, (sigillaria, stigmaria, both- 
rodendron, ulodendron, and others.} Whatever their 
affinities to existing plants, they seem to have enjoyed 
most favourable conditions of growth, and to have flour- 
ished for ages over wide areas in a state of luxoriance 
unequalled by the rankest exuberance of existiiig tropical 



foKst-gTowVba. Their luxoriance ie evidenced by tlia 
thick and wide-spread seamB of coal they now form ; and 
the numeroua seams in the same coal-fidd shew that they 
most have flourished for ages, forest-growth after forest- 
growth, on the snrface of im alternately submerged and 
elevated, but in the nuun graduaUy subsiding land. 

The Fcmna or animal-life of thfl period is also partly 
marine, partly estuarine or lacustrine, and partly terres- 
trial From the general absence of marine dtell-fish, 
corals, and other zoophytes in the lower coal-measures, 
tiiey Die usually r^arded as of fresh-water or estuarine 




formation ; bnt it must be confessed that many of the 
cnstacea and fishes are common to the entire system. 
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The mountain limestone abounds in corals and encrinites, 
and many of its thickest strata are but reefs of the one, 
or masses of the broken stems and arms of the other. 
Grouping all the series into one life-system, we have coraU, 
(cyathophyllum, clisiophyllum, syringopora) ; encrinites^ 
(cyathocrinus, apiocrinus, Woodocrinus) ; star-Jishes and 
seoHirckms, (asterias, archseocidens, palsechinus) ; camelids^ 
and their tracks and burrows, (serpulites, spirorbis, areni- 
colites) ; crustaceansy minute and biyalyed, (cypds); trilo- 
bites, (Fhillipsia) ; and larger king-crab-like forms, (bel- 
linurus, eurypterus); beetle-like insects^ (curculionides); 
moUiMooidOj or compound forms, like the flustra or sea- 
mat, (retepons f enestella) ; true molluscs^ or shell-fish of 
every order, (productus, terebratula^ spirifera; aviculo- 
pecten, anthracosia, modiola; euomphalus, bellerophon, 
loxonema; nautilus, goniatites,orthoceras); fishes^ and fish- 
remains in teeth, scales, and fin-spines, (pakeoniscus, 
megalichthys, rhizodus, gyracanthus) ; ooproUtes, or fish- 
droppings ; and reptUeSy aquatic and terrestrial, in bones, 
teeth, and footprints, (archegosaurus, anthracosaurus, den- 
drerpetoa) In fact, all the great classes of life, with the 
exception of birds and mammals, appear in the Carboni- 
ferous system ; thus shewing a vast advance as compared 
with the fauna of the Silurian and Cambrian periods. 

The Caarboniferous system, in one or other of its mem- 
bers, is widely distributed over the globe. It is not 
asserted by this that the strata in distant regions are 
precisely contemporaneous, but merely that they contain 
the same aspect or fades of fossil life, and that tiiey have 
been deposited under closely analogous conditions. They 
occur largely and valuably in our own islands ; in Spain, 
France, Belgium, Qermany, and Eastern Europe ; in Hin- 
dostan and China ; in Australia ; in Chili and Brazil ; in 
Canada and the Arctic islands ; and most extensively in 
the United States of America. It must be observed, 
however, that in many countries the coal-fields belong not 
to the true Carboniferous system of the FalaBOzoic epoch, 
but to the Oolitic, Cretaceous, and Tertiary systems ; and 
to these later periods are to be ascribed most of the coals 
of India and the Indian Archipelago, the Philippine and 
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immediately nnderlying the coal formation, were termed 
by the earlier geologists the Old Bed Sandstone^ so the red 
sandstones, magnesian limestones, and marls that occur 
above it were designated the New Red Sa/ndsUyne. When 
fossils, more than mineral characters, became the tests of 
formations and systems, it was found that the lower por- 
tion of this new red sandstone contained plants, shells, 
fishes, and other organisms identical with those of the 
Carboniferous system, or, in other words, had a palaeozoic 
aspect, while those contained in the upper portion had 
decided mesozoic affinities. This led to a separation of 
the New Bed Sandstone into two distinct systems, or 
sub-systems — ^the lower termed the Permian^ after the 
province of Perm, in Russia^ where the strata are yeiy 
fully developed; and the upper the IVuu, or TricusiCj 
from its consisting of three well-marked series of strata 
in Germany, where the whole is very typically displayed. 
Instead of the terms Permian and Tnas, some foreign 
geologists employ, for uniformity's sake, the terms Dy(u 
and Trias; but we follow the usage of British geologists, 
and abide by those designations the reader is most likely 
to meet in with during the further prosecution of his 
studies. 

The Permian system, as developed in England, consists 
in its lower portion of alternations of reddish sandstones, 
grits, and shales ; and in its upper of whitish and cream- 
coloured magnesian limestones, calcareous flags, and marls. 
In Qermany, the arrangement of the strata is very similar, 
with the addition of some slaty shales impregnated with 
copper-ore, iJcupfer-Bchiefer); but in Russia, where some 
of the marls are also cupriferous, the sandstones and grits 
prevail, and there is altogether a greater prevalence of 
plant-remains, and in the lower strata even seams of im- 
pure coaL Whatever the composition of the strata, and 
wherever they occur, they appear to have been deposited 
in seas of moderate depth, and present abundant evidence 
of their origin in corals, encrinites, shell-flsh, and other 
marine organisms. In some districts they rest uncon- 
f ormably on the upturned coal-measures, while in others 
they graduate so insensibly from them, that were it not 
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for the paucity of plant-remains and the generally redder 
colour of the strata, it would be impossible to say where 
the one ends and the other begins. 

The following tabulation exhibits the succession of 
Permian strata as they occur in the areas of Durham and 
Yorkshire — by far the most typical and best investigated 
of our New Bed Sandstone districts : — 

i Laminated limestone, with layeiB of coloured marls, 
(^paeons marls — ^red, bluish, and mottled. 
Siuignesian limestone, often in thick beds, and of 
various texture and structure, and usoallj cream- 
yellow or white. 
Marl slates — ^impure, soft, calcareous flags. 

RiTD fK^ quartzose sandstones, with red and purple 
SANDB^ifiL'i ^''^^"^ The grits are occasionally pebbly, and 
OAUDBTQHjs. j^ ^^^^ ^^ -^^^^^ ^£ pebbly conglomerate. 

The Permian fossils, we have said, have more or less a 
carboniferous aspect, and in many instances both genera 
and species are identical The plant-remains consist of 
sea-weeds, (chondrites) ; ferns, and club-mosses, (neurop- 
teris, pecopteris, caulerpa, psaronites, lycopodites); coni- 
ferous-looMng stems, (lepidodendron, walchia); fossil- 
fruits, (cardiocarpum) ; and leaves like those of the fan- 
palm and cycas. The red sandstones and shales are 
generally barren of fossils, but the limestones and cal- 
careous flagstones contain spongiform organisms, (both- 
roconis) ; f oraminif era^ (textularia) ; corals of elegant forms, 
(calamopora, calophyllum) ; encrinites and sea-urchins, 
(cyathocrinite, aschaeocidaris); annelids, (serpula, spiror- 
bis) ; minute bivalved crustaceans, (cythere,) but no tiilo- 
bites or eurypterites; and mollusca in every known order, 
though not in equal abundance with the strata of the 
mountain limestone, (fenestrella, producta^ strophalosia^ 
mytilus, schizodus, natica, pleurotomaria, &c.) Several 
of the smaller ganoid fishes, (palaBoniscus, platysomus,) 
are common to the Carboniferous and Permian systems; 
but up to this point of time, all, or nearly all^ of these fishes 
have been heterocrecal, — that is, having unequally lobed 
tails,— a peculiarity that runs through the whole of the 
Palaeozoic systems. Besides fishes, we have sUbo reptiles^ 
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aqtutia and terrestrial. Mid of higher orgatuBatioii than 
any yet diacovered in tlie coal-meaBoiea ; and if American 




geologists be not niiataken as to the age of their fonna- 
tions, bird footprints and mammalian bones also make 
their appearance for the first time in the Permian systenu 
Strata of Permian age are fonnd in England, Scotland, 
and Ireland ; in Prance, Germany, and Bussia ; in South- 
ern Africa ; and in North America. Where seams of coal 
appear in the lower portion of the system, it ia often im- 
posaibte to draw a line of distinctiou between Permian 
and Carboniferous, jost as it JB difficult, in the absence of 
fossils, to diBtingmsh between Permian and Triassic. 
Though erected into a separate system, there is much both 
in its mineral composition and fossil contents that con- 
nects It wit^ the underlying Carboniferous ; hence some 
geologists regard it more aa the capping or dose of the 
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coal period, than a separate and independent life-system. 
It is convenient, however, to retain the distinction in the 
meantime, the student ever remembering that the so- 
called systems are by no means of equal value, and that 
where no great physical break occurs between two con* 
terminous formations, there must of necessity be a num- 
ber of species common to both. 



Such are the Middle and Upper Palaeozoic systems — 
the Old Bed Sandstone or Devonian, the Carboniferous 
and the Permian, In the Lower Palaeozoic, the life-forms 
were chiefly or wholly inveriebrcUe ; in the upper, the 
vertebrate forms of fishes and reptiles are superadded, and 
these in considerable force, both in point of numbers and 
species. Though differing widely in the conditions under 
which they were formed, there is a certain general resem- 
blance among the upper palaeozoic systems, which permits 
their treatment under one chapter— the *' passage-beds " 
between the Old Bed and Coal, and between the Coal and 
Permian, linking them together, as it were, into one great 
category of vitality. As a separate system, the Old Bed 
Sandstone is chiefly characterised by a preponderance of 
pebbly and arenaceous beds, which indicate comparatively 
shallow waters of deposit, by a paucity of vegetable re- 
mains, and for the first time in the stratified systems, by 
a great exuberance of fish-life ; the Carboniferous by a 
vast variety and admixture of sediments, by evidences of 
terrestrial and estuarine, as well as marine life, and espe- 
cially by the enormous profusion of its vegetation ; and 
the Permian by a recurrence of red-coloured sediments, 
and by an accompanying paucity of plant-remains. Fishes 
that make their appearance so doubtfully in the upper 
beds of the Silurian, come out in great force in the Old 
Bed Sandstone ; so strongly, indeed, as to warrant the 
suspicion that they existed in greater abundance during 
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the Silurian epoch, though yet undiscoyered by Qeology. 
Beptiles and fishes having reptilian affinities occur during 
the Coal period, but they appear in more decided charac- 
ter — aquatic and terrestrial — ^towards the dose of the 
Permian. 

Though birds and mammals are unknown in Palaeozoic 
ages, all the lower forms of life are obidously on the ad- 
vance — families and genera dying out, and others more 
highly organised making their appearance. Sigillarisa, 
stigmarise, lepidodendra, bothrodendra, and other forms 
of carboniferous plants, disappear from the land ; grapto- 
lites, trilobites, and eurypterites die out from the waters. 
As mere sediments, the strata of the Silurian may differ 
little in composition from those of the Carboniferous, and 
the red sandstones of the Old Bed may be undistinguish^ 
able from those of the Permian ; but they differ widely in 
their areas and in their organic remains, shewing clearly 
that there had been different dispositions of sea and land, 
and difference in those external conditions which are the 
great regulators of the. exuberance and distribution of life^ 
both on the land and in the waters. As chapters of 
world-history, the upper palaeozoic formations are of 
curious and varied interest ; as industrial repositories of 
building-stones, limestones, marbles, fire-days, alum-shales^ 
coals, ironstones, and ores of lead, zinc, and other metals, 
they are unequaUed among the stratified syatema. 
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LOWER AND MIDDLE MESOZOIO: 
TRIASSIC-OOLITIG 

As tabulated in Chapter HL, the Mesozoic Cycle em- 
braces the Triassic, Oolitic, and Cretaceous systems. The 
term implies that the life of these systems holds a middle 
or intermediate place, both in position and characteristics^ 
between the PalaBozoic on the one hand, and the Caino- 
zoic on the other. For a similar reason, they were termed 
Secondary systems by the earlier geologists, and this term 
is still in use alike in popular and in scientific descrip- 
tions. For palssontological reasons, it is customary to 
rank the Trias as lower, the Oolite as middle, and the 
Chalk as upper secondary, though it must be confessed 
that this arrangement is more of local than general im- 
portance. We follow it here, as preparing the reader for 
the better comprehension of distinctions he is sure to meet 
with in the further prosecution of his studies. 

The Tbiassig Systebc 

The Triamc system, or Tricu, is so named because 
where it is fully developed (as in Oermany) it consists of 
three well-marked series of strata — ^the Bunter sandsteiii, 
or variegated sandstone; the Muschelkalk, or shell-lime- 
stone; and the Keuper marls, or marls, more or less 
impregnated and coloured by the ores of copper. The 
Bunter^ or lower portion, is composed, as the name im- 
plies, of variegaied (red and white) sandstones, and pebbly 
con^omerates; the Muschelkalk of gray shelly limestones, 
with beds of magnesian limestone and gypsum ; and the 
Keuper, or upper portion, of salif erous and gypseous shales. 
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:with beds of mottled sandstones and impregnations of 
copper. In England, where it is generally known as tli9 
Upper New JSed Sandstone, it'consists of two series only — 
red and white sandstones, with quartzose conglomerates at 
the base, and variegated marls and clays holding irregular 
beds of rock-salt and gypsum in the upper x>ortion. Or 
tabulating the details as given in the Memoirs of the 
Geological Survey^ we are presented with the following 
succession : — 

C "L Mottled (gray;, green, and red) clays and marU* 
TTurnpTm. J ^* ^^^ marls, with sandj laminae and sandstones. 
^ j 3. Bed and blue clays, with rock-salt and gypsum. 
\ 4. Water-stones, (huninated sandstones.) 

{0. Soft red variegated sandstone. 
6. Coarse red sandstone and conglomerate, 
7. Soft red and yariegated sandstone. 

On the whole, it may be described as a system of reddish 
sandstones and shales„ with local developments of pebbly 
conglomerates, beds of shelly limestone, and masses of 
rock-salt and g3/psum. From th^. prevalence of rock-salt 
in the new red sandstone of Britain, (Cheshire, the Tees, 
Belfast, <S^,) it was at one time termed the ScMfercus 
system ; but as rock-salt is a product of other systems in 
many parts of the world, the name is by no means dis- 
tinctive, and is now but rarely employed. Whatever the 
composition of its strata, they are aU eminently marine, 
and give evidence of seas of moderate depths, whose 
gravel beaches, sandy shores, mud lagoons, shell-beds, and 
saline waters were successively converted into conglomer- 
ates, sandstones, marls, limestones, rock-salts, and gyp- 
sums. 

Like other sediments deeply coloured by the peroxide 
of iron, the red sandstones of the Trias are rarely f ossilif- 
erous, and it is chiefly in the more carbonaceous shales 
and calcareous strata iJiat organisms are preserved. The 
Floba is especially scanty in European areas, and con- 
sists of plants allied to the equisetum and hippuris, (equi- 
setites, calamites) ; of ferns, (neuropteris, pecopteris) ; of 
leaves and stems akin to the cycas and zamia, (cycadites, 
pterozamites) ; of pahn-like leaves, (palmadtes) ; and of 
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true coniferouB trees, (itrancarites and wEtlcliia.) In Europe 
we have carbonaceoaa shalea, but no true truasic coals ; 
and it la onl; in North America and Eastern Asia that 
strata, supposed to belong to this epoch, are found to con- 
tain coal-seamB of aTsilable thickness, liie EAunA, though 
mainly marine, shews comparatively few corals ; but star- 




fish, (aspidura,) and encrinites, (encrinus liliifonuis,) are 
common in the muschelkalkj as well aa minute cnista- 
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ceans, (estheria,) lobster-like forms, (pemphiz,) and beetle- 
like insects. Of shell-fish, in the same cidcareons beds, we 
have brachiopods, (terebratula, spirifer) ; true bivalves, 
(avicnla^ my a, plagiostoma); and cephalopods with coiled 
shells, (ceratites.) Fishes occur in considerable abundance^ 
(saorichthys, gjrrolepis, acrodus); and reptiles, aquatic 
and terrestrial, (labyrinthodon, phytosaurus, dicynodon,) 
are known from their bones and teeth, but more exten- 
sively from their footprints, (uiknUes^) which mark in great 
profusion, and of all sizes, the upper surfaces of many of 
the flaggy sandstones, as in Dumfriesshire, Cheshire, 
Morayshire, Hildburghausen in Qermany, and Connecti- 
cut in North America. Higher than reptilian life, bird 
footprints (omithichnites) and bones, and the jaws and 
teeth of small marsupialmammals, (microlestes, (komathe- 
rium,) are by no means unfrequent; thus shewing that as 
we ascend in time, so in like manner we ascend in vital 
rank to higher and higher orders. 

Strata of Triassic or Upper New Bed Sandstone age, 
occupy a wide belt of England, stretching from Durham on 
the east to Lancashire on the west, and southward through 
Cheshire and Worcester to Somerset and Devon; in the 
basin of the Solway and south-west of Scotland; along the 
coast of Morayshire; the north of Ireland; in France, Ger- 
many, and the region of the Alps; in Southern Africa; 
Southern India; and largely in the United States of Ame- 
rica. Wherever it occurs there is a great similarity among 
its cycadaceous plants ; among the marine organisms of 
its calcareous strata ; and, above all, in the footprints (bird 
and reptile) which mark the surfaces of its laminated 
sandstones. With the exception of building-stones, lime- 
stones, and gypsums, and some scantily-dispersed ores of 
copper and manganese, the main industrial product of the 
system is rock-salt, which occurs in beds and indefinite 
masses, often of great thickness and extent, and in every 
degree of purity, from transparent crystals to earthy ad- 
mixtures scarcely worth the extractingi As affecting the 
landscape, Triassic districts are on the whole little varied, 
and rather flat and uniform in surface ; piartly ^om the 
absence of trap-rocks to break up and diversify, and partly 
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from the soft nature of their sandstones and marls, which 
have been greatly worn down and reduced to plams and 
valleys by aqueous and atmospheric action. 



Oounc Ststebl 

The Oolitic sygtem, as developed in the British Isles, con^ 
sists of three main members or formations — ^the lias, the 
Oolite proper, and the Wealden. Though usually arranged 
imder one system, there ia in reality great differences be- 
tween these respective formations, not only in their litho- 
logical aspects, and consequently in the conditions under 
which they were deposited, but also in the nature of their 
organic remains. The Lias (a local corruption of the word 
layers) consists chiefly of dark-coloured limestones and 
shales replete with marine organisms ; the Oolite (Gr. oon^ 
an egg, and lithosy a stone) of roestones or oolitic lime- 
stones, calcareous freestones, sands and clays, charged in 
like manner with marine fossils ; while the Wealden (so 
called from the wealds or vhMs of Sussex, where it was 
first examined) consists of shelly limestones, flaggy sand- 
stones, and argillaceous shales, which from their im- 
bedded organisms bespeak a fresh-water or estuarine 
origin. As no two seas are likely to present the same 
composition or alternation of strata, great differences may 
be expected between the Oolitic system of Britain and that 
of other countries ; but wherever it occurs, argillaceous 
limestones, oolitic and coralline limestones, calcareous 
sandstones, and thick argillaceous sea-muds or shales may 
be said to be its leading characteristics. 

In England, where the system occupies a considerable 
breadth of country, and lies undisturbed by igneous erup- 
tions, the various members have been long the subjects of 
examination, and are usually arranged, imder local names, 
in the following order :-^ 

1 Weald clays— gray lammated days and sandy flag- 
stones. 
Hastdngs sands — sands, ferruginous sandstones, and 
sandy shales. 
Porbeokbeds^shelly limestonesand ealcareons shales* 



Oouno 

or 
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Tortland stone— fine-gndned ooliiio limetionei, and 

Bands. 
Kimmeridge days and Utominotis shales — "Kim 

ooaL" 
Ooral rag — ooarse-grained, shelly, and coralline oolite. 
Oxford clay — ^blne days and shales, with limestone 

hands. 
Combrash — coarse shelly limestone, and Forest 

marble. 
Bath or sreat oolite— thick-bedded sandy oolites. 
Stonesfield slate — ^flaggy grits and oolite limestones. 
^Inferior oolite, fuller's efffth, and shales. 

T Tkoarn i ^^^ clays and marlstones. 

-^"^^^^^^ \ Idas limestones and shales, with bonds of jei 

As dex)osits consisting largely of calcareous shales and 
limestones, the oolitic strata are remarkably well-fitted 
for the preservation of organic remains ; hence not only 
the abundance, but the perfection of their fossil contents. 
Among the vegetable forms we have impressions of 900- 
tueeds, (halsrmenites); equUetums and other marsh-plants, 
(equisetites); clvb-mossesy {\yco]^o6itea) ; arborescent ferns 
of great beauty and luxuriance, (cyclopteris, pecopteris, 
otopteris) ; numerous endogenous stems and leaves, resem- 
bling the lily and aloe, (endogenites) ; abundant leaves 
and stems of q/cads and zajmas, (pterophyllum, pekeo- 
zamia, Mantellia) ; palmrleaves and stems, apparently allied 
to the screw-pines, (palmacites) ; and cofniferous leaves and 
fragments, which, from their close resemblance to arauca- 
rias, yews, and cypresses, have been termed araucarites, 
taxites, cupressinites, and the like, to mark their charac- 
ters and affinities. So abundant has vegetation been in 
many oolitic areas, that we are presented not only with 
bituminous shales, but with layers of jet and seams of 
coal, which in point of thickness and purity almost rival 
those of the carboniferous era. To this system belong 
most of the coals of Southern India, the Indian Archi- 
pelago, the Philippine Islands, Japan, Australia, Rich- 
mond in Virginia, and other localities which have been 
frequently mistaken for those of palaeozoic origin. 

The Fauna or animal-life of the Oolitic period is abun- 
dant and varied-— marine forms largely preponderating in 
the lias and Oolite, and estuarine in the Wealden. No sys- 
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tem in the British lehuids has been more folly or care- 
fully examiBed— exposure in Bca-clifEs, in quarries and 
railway-cuttings in England, being unnsimlly favourable 
for inveatigation. Taking its fossils in order of organisA- 
tioi^ we have, first, variona spongif onn organisms, (spongia, 
talpina); foiamioiferous shields, [polymorphina, fiabel- 
laria] ; and a great profusion of cords, in reef-like masses 
and detached, throughout the lias and oolite, (isastnea, 
montlivaltia, thamnastnea). Grinoidal remains occur in 
great beauty, (pentacrinite, apiocrinite); starfish, (ophio- 
derma, aaiphiura)j and sea-nrdiins in greater variety thaa 
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in any preoeding formation, (cidaris, nucleolites, henti- 
ddaris.) Among the articulata we have marine annelids, 
(serpnla, vermicularia) ; minute bivalved crustaceans, 
(cyprides) ; larger lobstei-like f onoB, (glyphjea, aryon) ; and 
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insects of many orders, (libelluliumy blattidiam, bnpres- 
tium.) The moUusca appear in vast profasion throughout 
the system — marine, of course, in the lias and oolite, and 
fresh-water or estuarine in the beds of the wealden. 
Among these, the bryozoa^ or sea-mats, are represented by 
several genera, (diastopora, ceriopora); the brachiopods 
by many genera and species, (rhynconella, terebratula, 
spirifera); the true bivalves by still greater numbers, 
(gryphsea, gervillia, pecten, trigonia, pholadomya); the 
univalves, (nerinsea, pleurotomaria, trochus); and the 
cephalapods by a wonderful exuberance of externally- 
shelled forms resembling the nautilus, (ammonites,) as 
well as by others devoid of external shell, but furnished, 
like the cuttle-fish, with an internal one, (belemnites, 
belemnoteuthis,) and of whose existence this internal 
organism is in general the only evidence. 

The vertebrate life of the period, though less profuse 
than that of the invertebrate, is yet largely preserved, and 
exhibits a great advance in organisation as compared with 
that of any of the preceding epochs. Qanoid and placoid 
fishes, in tiheir teeth, fin-spines, or scales, occur in all the 
formations — ^the former in such genera as lepidotus, lopto- 
lepis, and dapedius ; the latter in acrodus, hybodus, and 
asteracanthus. The forms and outlines of the ganoids 
or enamelled scales are often well preserved ; but of the 
larger cartilaginous and shark-like placoids we have merely 
detached teeth and fin-spines, which shew considerable 
size and affinities to the cestracions of Australian seas. 
By far the most notable feature in OoKtic life is the mar- 
vellous profusion of reptilian forms, — aquatic, amphibious, 
terrestrial, and aerial, — often of huge size, and occasionally 
of orders to which we have now no existing analogue. Of 
/ the sea-saurians, often whale-like in size, we may notice 
the well-known forms — ichthyosaurus, plesiosaurus, and 
pliosaurus; of the amphibious crocodilians—teleosaurus 
and crocodilus; of the lizard-like genera — ^lacerta and 
nothetes; of the turtle family — chelone and platemys ; of 
the dinosaurians, or gigantic terrestrial forms — iguanodon, 
megalosaurus, and hyaelosaurus; and of the winged sau- 
rians, or those fitted for aerial flights, the pterodactylus, 
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or wing-fingered reptile. In the seas and estuaries, on tbe 
shores and river-banks, over the dry land and through the 
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forests, sunning themselves on clifis, or winging their way 
through the air, these oolitic saurians must have swarmed 
in myriads. They are, indeed, the dominant and charac- 
teristic vertebrata of the period; and whether in point of 
numbers, magnitude, or variety of form, have never been 
paralleled either in any preceding or subsequent epoch. 
Birds, so doubtfully evidenced by their footprints in the 
Trias and Permian, now leave their remains (bones and 
impressions of feathers) on the fine-grained lithographic 
limestones of Qermany; these ancient birds, (arch^eopteryz,) 
having the vertebrae of the tail elongated and feathered 
on either side, and their bills, perhaps, furnished with 
teeth, as in the fishes and reptiles. Higher than birds, 
the teeth and jaws of several small marsupial mammals 
(that is, pouched mammals like those of Australia) have 
been found in the oolites of England and Qermany, (am- 
phitherium, triconodon, phascalotherium,) indicating that 
during the oolitic period every class of life, with the ex- 
ception, perhaps, of the higher mammalia^ had made their 
appearance on the globe. 

Strata of oolitic age occur in various countries, but 
rarely in large and unbroken areas. It is typically devel- 
oped in England, where it occupies a broad belt stretching 
from the Yorkshire coast on the one side to that of 
Dorset on the other ; in the Hebrides and north of Scot- 
land; in Qermany, Switzerland, and France, where it is 
usually spoken of as the "Jurassic system," from its de- 
velopment in the region of the Jura ; in Italy, flanking the 
Apennines; in India and the Indian Archipelago, with 
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workable seams of coal; in New Zealand, and doubtfully 
-with coal in Australia; and pretty fully, with thick bedis 
of coal, in Virginia and some of the Southern States of 
America. The Wealden, as an estuanne formation, is 
much more limited and local; and with the exception of 
its continuation on the west coast of France, and some 
analogous strata in Hanover and Westphalia, its existence 
in other areas is unknown, or at least highly problemati- ' 
cal Wherever the true marine strata of the Idas and 
Oolite occur, they consist largely of limestones and cal- 
careous shales, and are characterised by a profusion of 
star-corals, pentacrinites, gryphites, ammonites, and be^ 
lemnites; but especially by those huge sea-saurians, land* 
saurians, and flying-saurians, whose numbers and variety 
have led to the use of such phrases as the *'age of rep^ 
tiles,'' the ''reign of reptiles," and other kindred expres- 
sions. Seas of moderate depth and extent, and enjoying 
a temperature fitted for the growth of corals and encri- 
nites; estuaries, lagoons, and mud-banks adapted to 
aquatic and amphibious reptile-life; river-banks and 
sunny shores congenial to terrestrial and aerial saurians ^ 
and a climate suited to the luxuriant growth of cycads, 
zamias, tree-ferns, and palms, appear throughout to have 
been the ruling conditions of the epoch. Though little 
affected by igneous action in the area of England, the 
system, both on the continent of Europe and in the 
ludian Archipelago, gives evidence of contemporaneous 
as well as of subsequent disturbance in interstratifica- 
tions, metamorphic changes, upheavals, and disrup- 
tions. 

Among the industrial products of the system may be 
mentioned excellent building-stones, paving-stones, and 
roofing-flags ; limestones, marbles, and lithographic slabs; 
alum shales and fuller's earth; ironstone in bands and 
nodules ; and in many areas jet and bituminous coal — 
the latter in seams often of great but of somewhat 
irregular thickness. The physical features of oolitic dis- 
tricts, where undisturbed by igneous upheavals, as in 
England, consist of easy undulations, the limestones and 
harder strata forming hills and rounded heights, while 
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the softer shales and days have been worn out into fer- 
tile flats and valleys. 



Such are the more prominent features of the lower and 
middle Mesozoic systems — ^the Triassic and Oolitic — as 
developed in Europe, and in particular as they occur 
within the British Islands. The Trias, consisting mainly 
of reddish sandstones, pebbly conglomerates, and mottled 
shales and marls, with imbedded masses of rock-salt and 
gypsum, would seem to indicate the existence of shallow 
and variable seas of deposit — shallow, inasmuch as sand- 
stones and conglomerates are shore and beach formations; 
and variable, as detached masses of rock-salt and gypsum 
imply the repeated severance and re-union of certain tidal 
areas. As a life-system, the Trias is by no means prolific 
— ^a circumstance which may have arisen either from the 
composition of the waters in which so many salts and 
oxides were present, or from the less preservative charac- 
ter of the red sediments in which they were originally 
imbedded. As it is, the organic remains are eminently 
marine, and occur diiefly in the calcareous strata; the 
only indications of amphibious and terrestrial existence 
consisting in the scattered bones and teeth, and, above all, 
in the footprints, of reptiles. These footprints mark in 
great variety the surface of the flaggy sandstones— shewing 
how their owners wandered along the sandy and muddy 
shores, how these sands and muds got sun-dried and sun- 
cracked, and how they were again covered over by newer 
sediments which filled up the impressions, thus retaining 
mould and cast as perfectly as on the day they were 
implanted. In the Triassic areas of Europe vegetable 
remains occur chiefly in drifted and scattered fragments ; 
but in other countries, strata supposed to be of the same 
age imbed seams of coal— shewing in this, as in other 
instances, how erroneous it is to generalise from local and 
limited phenomena. 
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In the Oolitic or Middle Mesozoic system we have a 
vast profusion of mixed sediments — sandstones, calcareous 
sandstones, limestones, calcareous shales and clays, bitu- 
minous shades, coals, and ironstones. These, in the lower 
formations of the lias and Oolite proper, are eminently 
marine, and charged with marine organisms; but in the 
upper formations, or Wealden^ they indicate fresh-water 
or estuarine conditions, and are characterised mainly by 
fresh-water and terrestrial remains. Whether in European, 
Asiatic, or American areas, the geographical conditions of 
the system appear to have been highly favourable to 
exuberance of life ; hence the seas of the period swarm 
with zoophytes, shell-fish, and fishes ; the estuaries, lagoons, 
and marshes abound in reptiles — ^aquatic, amphibious, and 
terrestrial; while the plains and higher lands are clothed 
with tree-ferns, cycads, zamias, palms, and coniferous trees, 
and tenanted by gigantic herbivorous reptiles, by flying 
reptiles, birds, and small marsupial mammals allied to 
the wombat^ the opossum, and kangaroo. Indeed every 
rank of life, with the exception of the grains and true 
timber-trees, the higher birds, and the higher mammals, 
seem to have been represented in this period — shewing 
the great advance that had taken place in the manifesta- 
tions of vitality as compared with those that appear even 
in the higher of Pakeozoic systems. A panorama of wide- 
spread seas and inland-stretching estuaries, of low-lying 
idands and open continents enjoying a sub-tropical dimate, 
distinguish 1^ physical aspects of the Oolitic era ; while 
palms and cycadaceous plants, ammonites and cuttle* 
fishes, gigantic reptiles and marsupial mammals, are the 
dominating features in its vital phases. 
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UPPER MESOZOIC: 
CRETACEOUS OR CHALK SYSTEM. 

Though convenient, for the sake of description, to arrange 
the Mesozoic Cycle into lower, middle, and upper, it mast 
be borne in mind that there is no break or cessation in 
the great evolution of life, but merely local changes in 
the relations of land and water, by which certain species 
have been compelled to shift ground, or, it may have been, 
altogether extinguished, and by which the nature of the 
sediments has been altered. Such changes give rise to 
new formations and systems ; and just as they are rapid 
or gradual, local or extensive, so will greater or less differ- 
ences appear — ^not only between the sediments, but between 
the fossils of successive periods. In this way formations 
that are well-defined in the areas of Britain may insensibly 
graduate into each other in other regions ; and thus the 
student should ever remember that our *^ systems" and 
'^ periods" are to a certain extent artificial and provisional 
Ranking the Triassic system as L<mer Mesozoic, and the 
Oolitic as Middle^ the Cretaceous forms the Upper section ; 
and though its marine beds are clearly separable from the 
estuarine strata of the wealden in i^gland, yet in other 
countries where the wealden is absent, there is often no 
very clear line of severance between the chalk and subja- 
cent oolites. Indeed, by many continental geologists the 
Wealden and its contemporaneous marine strata are re- 
garded as the basement beds of the Cretaceous system — 
thus shewing still further the necessity of avoiding all 
sharp lines of demarcation between conterminous for- 
mations. 
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CRETACEOUS OB CHALK 8YSTEU. 

Taking the succession as it appears in the south of 
England, the Cretaceous or Chalk system (Lat. creta^ 
chalk) immediately overlies the upper clays and sands 
of the Wealden. As a rock-formation, it is composed of 
cretaceous, argillaceous, and arenaceous sediments, — that 
is, of chalky, dayey, and sandy strata, — the first prevailing 
in the upper portion, and the two last in the lower. The 
lower portion of the system is known as the Oreenmnd^ 
and consists of green or ferruginous sands and layers of 
indurated sandston^ with a thick intervening bed of a 
bluish tenacious clay, locally known as the ^^gault" or 
** golV The upper portion, on the other hand, is mainly 
composed of thick beds of Chalky with or without flints, 
and separated from the greensand by a stratum of earthy 
or clayey chalk-marL On tabulating the whole series as 
it occurs in the south of England, we have the following 
intelligible synopsis : — 

'XTpper CTlaSfi;— Oenerally loft white ohalk, with 
nnmeroiu flint nodules arranged leas or mon 
in layers. 
Chalk. -{ Lower Ckalk. — ^Harder and less white than the 

upper, and with fewer flints. 
Chalk Marl, — Gravish earthy or marly chalk, 
with occasional harder bands and nodules. 

' Upper Oreenaand. — ^Beds of green and grayish sil- 
iceous sands, with indurated layers and 
nodules. 

O-RinewaAwn - ^^^'^^^ — -^ local name for a bluish tenacious clay, 
MBXESaASo* -J which is sometimes marly or sandy. 

Lower Cfreensand. — Beds of green or ferruginous 

sands, with layers of cherty sandstone and 

fuller's earth. 

Of course the preceding arrangement holds good only for 
the south of England ; for in other parts of England, and 
more particularly on the continent of Europe, siliceous 
sandstones, grits, shales, and seams of lignite occur ; while 
in North America the chalk beds are represented by coral- 
line and siliceous limestones, and the other strata by an 
indefinite alternation of sands and clays^ imbedding lig* 
nites and seams of true bituminous coaL 
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As already mentioned, the fossils of the Chalk system 
are eminently marine— consisting notably of sea-weeda^ 
sponges, foraminiferoTis organisms, corals, star-fishes» 
and sea-urchins, cmstacea, shell-fish, fishes, and reptiles. 
The remains of terrestrial life are extremely rare, and it 
is only in a few localities that indications of land plants^ 
birds, and the higher mammals have been detected. 
Commencing with the Flora or plant-life of the period, 
we may notice the occurrence of sea-weeds and confervsd 
(chondrites, confervites) throughout the Tarious strata; 
and associated with the lignites, remains of tree-ferns, 
cycads, zamias, and pine-trees, (cycaldites, pinites, strobi- 
lites.) With a smaller proportion, perhaps, of tree-ferns 
and cyeadaceous plants, and a greater abundance of conif- 
erous trees, the flora of the chalk bears a close resem^ 
blance to that of the oolite — ^shewing that while in some 
regions (as in Britain) conditions of soil and climate had 
become unfavourable to vegetable exuberance, in others 
(as North America) these conditions had experienced 
little or no change since the time of the upper oolites. 

The Fauna, or animal-life, is extremely abundant, espe- 
cially in those orders that inhabit the tranquil depths of 
marine waters. Among these the sponges and their 
allies occur in numerous and characteristic forms, (ventri- 
culites, scyphia, siphonia) ; and the f oraminifera in such 
profusion, (rotalia, textularia, orbitoides,) that a large pro- 
portion of the chalk is composed of their minute cal- 
careous shields, just as we find the calcareous sands of the 
existing ocean largely made up of similar organisms. The 
corals are abundantly represented by many elegant forms, 
(trochocyathus, parasmilia, aspinopora); the crinoids in 
lessening numbers, (marsupites, pentacrinus); the star- 
fish in increasing genera, (goniaster, oraster) ; and the 
sea-urchins by an unparalleled exuberance of beautiful 
and varied forms, (ddaris, spatangus, ananchytes, galerites.) 
Indeed, these sea-urchins are among the most beautiful 
and characteristic of our English chalk-fossils — every 
plate and spine, and pore and tubercule being as dis- 
tinctly legible as they are in the species of existing waters. 
The moUusca or shell-fish, as might be expected in a for- 
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matiou 80 eminentlr marine, find so well fitted for their 
preBervation, occni m every order, and in nnmeioua genera 




and species. The compound polyzoa, (eachara, retepora) ; 
the Iwachiopods, (rhynconella, tetebratnla, crania); the 
Bimpler blTalves, (pecten, inoceramus) ; the curious mas- 
Bive forms, (hippuritea, radiolites); the higher bivalves, 
(trigonia, cardium, veuuB); the luuvalves, (rostellaria, 
cerithium, natica) ; and the cephalopods, shell-clad, li^e 
the nautilus, (ammonite, hamite, bacnlite,) or sheU-Iess, 
like the cuttle-fish, (belemnites.) The great flush of 
chambered shells, whether coiled like the ammonite, 
straight like the orthoceratite, or bent in grotesque shapes 
like the hamite, closer howe^ui, with the chalk period ; 



82 THE EABTH's CBUST. 

and in all succeeding systems the naked cuttle-fish f ormfi 
prevail. Annelid tubes, (serpularia, yennicularia) ; bar- 
nacles, with their valves all in place, (pollidpes, scalpel- 
lum) ; minute bivalved crustaceans, (cythere, cytherella) ; 
and the larger crab-like forms, (pagurus, myeria,) are com- 
mon in the chalk-marls and greensands — all presenting 
closer resemblance to the articulata of the present day 
than did those of preceding formations. 

The vertebrate life of the chalk period is represented by 
fishes of all existing orders, by reptiles, and occasionally 
by birds and true placental mammals. Of the fishes, we 
have numerous teeth of placoids, (lamna, corax); teeth, 
scales, and perfect specimens of ganoids, (lepidotus, mac* 
ropomus); specimens of ctenoids, or the comb^caled order, 
(beryx); and of the cycloids, or soft circular scales, (osme- 
roides.) Indeed, the ganoids and placoids are evidently 
on the wane, and the ctenoids and cycloids, to which most 
of existing fishes belong, are now, for the first time, de- 
cidedly represented in the rocky strata. The reptiles, 
whether marine, amphibious, terrestrial, or atrial, (plesio- 
saurus, chelonia, iguanodon, pterodactyles, &c.,) are iden- 
tical with those of the wealden, if indeed we do not 
regard the wealden as the basement of the chalk rather 
than the capping of the oolite. Bird bones, apparently 
aquatic, have also been detected in cretaceous strata^ 
(cimoliornis) ; and if anatomists be not mistaken, the 
bones of mammals that would indicate afi^ities so high 
in the scale of being even as the quadrumana or monkeys. 
And when it is recollected that the chalk system is so 
largely of marine origin, and that it is only in certain 
areas that we have evidences of terrestrial growth, we 
may well believe that many of the higher animals existed 
during the period, and that their remains would have ap- 
peared in cretaceous strata had there only been favourable 
conditions for their entombment and preservation. 

The Cretaceous system, in one or other of its members, 
is largely developed in European areas — in the south and 
south-east of England, in the north of Ireland, in France, 
in the region of the Pyrenees, Alps, and Carpathians, in 
Poland, Russia, Sweden, and Denmark. In A^ia its equi- 
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Talents are found in the ranges of the Lebanon and Cau- 
casus ; and chalk fossils have been detected in Southern 
India. Strata of the same age, or at all events containing 
cretaceous fossils, have been met with in South America^ 
at various points along the Andes; while in North 
America beds, apparently the equivalents of our gault and 
greensands, are known in Texas and the Southern States, 
in the prairies of the far North, and in Vancouver's 
Island, imbedding lignites and seams of true bituminous 
coaL Wherever &e system occurs, and whatever its com- 
position, it gives ample evidence of marine conditions — 
seas somewhat shallow and variable during the deposition 
of the greensands, and of greater depth and tranquillity 
during the elaboration of the chalks. The observer can- 
not cast his eye over a suite of its fossils, its sponges^ for- 
aminifera, sea-urchins, crabs, shell-fish, and fishes, with- 
out being impressed with the prevalence of oceanic influ- 
ences ; it being only in limited areas that lignites and 
coals bear evidence of terrestrial conditions favourable to 
the development of a local and by no means exuberant 
flora. 

The industrial products obtained from the S3n3tem are — 
chalk, which is used for all the purposes of a limestone ; 
marble, where the chalk has been metamorphosed by the 
action of heat; flints for pottery and other uses ; fuller's 
earth ; coprolites or phosphatic nodules, from the green- 
sand, for manure; sand and firestones ; and, where they 
occur in available thickness and purity, lignites and coals. 
The physical aspect of chalk districts varies, of course, 
with the portions of the system that may be developed. 
Where the greensands and clays alone occur the land- 
scape ia flat, and but little relieved by dry sandy ridges ; 
but where the chalk is found in full force, as in the south 
of England, we have a succession of rounded hill? and 
valleys, — "downs" and " wolds," as they are locally termed, 
— remarkable for their dry open pastures and extensive 
sheep-walks. Where the system has been disturbed by 
igneous eruptions, as in the north of Ireland, (Giant's 
Causeway,) and in the Alps and Pyrenees, it partakes of 
all the undulations and irregularities of trap or volcanic 



84 THB EABTH'S CBUBT. 

districts, and loses its own stratigrapliical character in the 
disruptions and displacements to which it has been sub- 
jected. 



Such are the leading features— lithological and palseon?* 
tological— of the Cretaceous system, whose formations, 
the greensand and chalk, or wealden, greensand, and chalk, 
constitute the upper portion of the great mesozoic life- 
cycle. In its mineral or lithological character it embraces 
sands, sandstones and grits, clays, fuller's earth and marls, 
and notably, in European areas, thick strata of soft earthy 
carbonate of lime, or chalky imbedding frequent layers and 
nodules of flint. The sands and grits are such as may 
have been formed on open shores, the clays and marls in 
deeper water, the chalks, composed largely of the minute 
shields of f oraminif era, in still greater and quieter depths, 
and the flints of aggregations of siliceous matter round 
sponges, sea-urchins, and the like, that were imbedded in 
the soft limy matrix of the chalk. Most of the fossils 
are of marine origin, — ^sponges, foraminifer% corals, sea- 
urchins, shells, crabs, fishes, and reptiles, — ^but along with 
these occur reptiles of amphibious, terrestrial, and aerial 
habits, indications of birds, and also of true mammals. 
Like all strictly oceanic deposits, the terrestrial remams 
are exceedingly few and imperfect, but combining these 
with what we know of the flora in its lignites and coals, 
we are led to infer genial conditions of climate on land, 
but seas in some areas opening to the influx of colder cur- 
rents, and perhaps even of icebergs, which brought down 
boulders of granite and other rocks to be dropt in the 
chalky muds that were accumulating in the greater depths 
of the ocean. As a rock-deposit, tibere is no great diffi- 
culty in detecting the agencies at work in the accumular 
tion of its strata ; as a life-period, we perceive in its varied 
fossils a wider difference from the forms that peopled the 
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palaeozoic and lower mesozoic seas', and a nearer and nearer 
approach to those that inhabited the waters of the ter* 
tiary, or even still survive in the seas of the current 
epoch. No graptolites, trilobites, enrypterites, or cepha- 
laspides thronged its waters ; no sigUlaria, stigmaria^ or 
lepidodendra were rooted on its shores ; but sea-urchins, 
crabs, shells, and fishes in the former, and palms, 
cycads, and pines on the latter — differing, no doubt, from 
existing genera and species, but still so closely approxi- 
mating that the palaeontologist feels in eveiy investigation 
a perceptible advance towards the life of a newer and 
more obvious cycle. 



LOWER CAINOZOIC OR TERTIARY. 

Undeb the Cainozoic cycle are arranged all those forma- 
tions that have been accumulated smce the close of the 
Cretaceous epoch, or which are still in process of accumu- 
lation. It comprises the Tertiary and Post-Tertiary or 
Quaternary systems — ^the former embracing all the older 
and more regularly-stratified clays, sands, limestones, 
lignites, &a, which occur beneath the Boulder Clay; and 
the latter all the more recent and irregular accumulations 
of sand, gravel, clay, marl, peat-moss, and the like, 
which have taken place since the time of the Boulder 
Clay, and which, in many lakes, estuaries, and seas, are 
still in course of formation. All the life -forms of the 
Cainozoic cycle belong to existing orders, and indeed 
comprise the living flora and fauna of the globe, with 
the exception of such genera and species as may have 
become extinct since the commencement of the cycle. 
Even in the oldest strata there is a recentness of aspect (as 
the term signifies) in all the fossil-forms, compared with 
that which pervades the fossils of the Mesozoic and Palae- 
ozoic ; and the palaeontologist feels he is dealing with a 
system of life, every phase of which is readily referrible 
to that which is now flourishing around him. 

Tebtiaby Systbbc. 

As already stated, the Tertiary system comprises all 
those stratified clays, sands, gravels, limestones, and lig- 
nites which lie between the Chalk and the Boulder Clay or 
Drift-beds of the Qlacial epoch. The term has reference 
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to the dassification of the earlier geologists, who, dividing 
the stratified cnut into Primary, Secondary, and Tertiaiy 
formations, regarded as Tertiary all that had been formed 
since the deposition of the Chalk. The term is now re- 
stricted to the earlier and more regokrly-stratified beds, 
such as those of the London and Paris basins, and in the 
lowest of which a large proportion of the fossils belong 
to extinct species j while the designation Qvatemoiryy or 
PostrTertiaryf is applied to such accumulations as have 
taken place since the deposition of the Boulder Clay, and 
in which the fossil remains belong almost ezdusively to 
existing species. As developed in Britain, the Tertiary 
system consists of such strata as the stratified days, sands, 
and gravels of the London basin; the sands, indurated 
sands, marls, and siliceous limestones of the Hampshire 
basin and Isle of Wight ; and the marls, shingles, and 
shelly coralline sands (usually known as the " Crag ") of 
Norfolk and Suffolk. The London beds are charged with 
marine fossils ; those of Hampshire with alternations of 
fresh-water and marine ; and those of Norfolk and Suffolk, 
again, exdusivdy with marine. Taking the proportion 
of living and extinct shells which occur in these various 
groups, it is customary to subdivide the Tertiary system 
into four main stages — ^the eocene, miocene, pliocene, and 
pleistocene. These terms have reference to the percentage 
of existing shells — the smaller the proportion, the older, 
of course, are the strata that contain them. Thus eocem 
(from €08j the dawn, and hairvoB^ recent) signifies that the 
proportion of living species is very small — so small as 
merely to indicate, as it were, the dawn of existing things ; 
miocene, {meion, less,) that the proportion of recent shells 
is less than that of extinct ; pliocene, (pleion, more,) that 
the proportion of recent is greater than that of the ex- 
tinct ; and pleistocene, (pleiston, most^) that the shells of this 
uppermost group belong for the most part to living 
spedes. 

Arranging the British Tertiaries under these groups or 
sub-divisions, we have the following intelligible synopsis 
•^the lower as they occur in the well-examined districts 
of London and Hampshire, and the uppermost (approxi- 
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mately) as it is scattered over the general surface of thel 
country: — 

'Boulder Clay, or Boulder Drift. — An irregular 
series of thick tenacious clays enclosing water- 
worn boulders of all sizes ; of moands and 
ridges of sand and gravel; or an adnuxture 
of diays, sands, and boulders, for the most part 
abraded and denuded from the rocks of the 
neighbourhood in which they occur. 

f Mcmmaliferous Cmg of Norfolk and Suffolk. — Con- 
sisting of shelly beds of sand and yellowish 
loam, with layers of flinty shingle, and gene- 
rally covered with a thick bed of gravel, abound- 
ing in the bones of mammals ; hence the name. 

Bed Crag of Norfolk and Suffolk. — ^A deep ferru- 
ginous shelly sand and loam, with an abun- 
dance of marine shells, 

CoraUine Crag, — A mass of ^heUs and corals in 
calcareous sand; or compact, and forming flaggy 
beds of limestone, with bands of greenisn marL 

/ Supposed, on pal»ontological grounds, not to be re- 
\ presented by any of our British strata, imless 
S perhaps b^ the leaf-beds of Mull and the 
i lignites of Antrim. 

/Fluvio-Marine Beds of Hampshire and Isle /of 
Wight. — Consisting of clays and marls, some- 
times indurated, of sandy clays and subordinate 
layers of siliceous limestone. 

Bagahot Sands. — ^A series of marine sands, greenish 
sandy clay, and fissile marls. 

London Clay. — ^A brown or dark-blue or blackish 
tenacious clay, with layers of argillo-calcareous 
nodules. Layers of greenish sand, and masses 
of gypsum, and iron pyrites not unfre(}uent. 

Bognor J^eeKs.— -Consist of calcareous and siliceous 
nodules, or . of coarse green indurated sand, 
with septaria and numerous marine shells. 

Plastic Clay and Sands. — Sand, shingle, mottled 
clays, and loam, with beds of rolled flints and 
\ marine shells. 

While the preceding may be taken as sufficiently descrip- 
tive of the tertiaries of Britain, it must be borne in mind 
that strata deposited in limited and shifting seas, such as 
those of the t^iary epoch, -will necessarily be vecy yaried 
in character and composition. In the Paris basin, for 
example, there is a larger proportion of calcareous strata of 
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fresh-water origin, siliceous boirstones and gypsiun ; while 
in the Austrian series there is a larger proportion of days 
and lignites. Again, in many basins there are thick de- 
velopments of silioeoas strata^ like the well-known tripoli 
or polishing stone, almost entirely composed of the shields 
of diatoms; while in others, there are still larger cal- 
careous aggregations, like the numnmlitic limestone of 
Europe and Asia^ and the or&ttouf a/ limestone of America, 
almost wholly made up of the shells of f oraminif enk On 
the whole, and wherever they occur, tertiary strata may 
be said to consist of clays and sands, soft sandstones, 
shell-beds, shell-rocks, and calcareous sandstones covl- 
posed of comminuted shells and corals, marls, f oramini- 
feral and organic limestones, burrstones, occasional bands 
of day iron-ore, and seams of lignite. In general, they 
are less consolidated than the more andent formations, 
though, through infiltrations of siliceous matter and me- 
tamorphic chuiges caused by volcanic heat, the rocks of 
certain areas are rendered as hard or even crystalline 
as palaeozoic strata. 

Bocks of tertiary origin occur in every region of the globe ; 
but from the limited and variable areas (lacustrine, estuarine, 
and marine) in which most of them have been deposited, 
it is much more difficult to co-ordinate them with British 
equivalents than the older formations. It is enough for 
purposes of comparison to arrange them into Lotcer, 
Middle, and Upper Tertiary, and strata bdonging to one 
or other of these great divisions have been examined in 
Europe, Asia, Africa, Australasia, and both Americas. 
Another obstacle to their arrangement into contempor- 
aneous groups arises from the fact that their fossils, 
bdonging more or less to existing spedes, partake of 
the geographical distribution that characterises the living 
flora and fauna of the globe— that is, as the plants and 
animals of the Old World differ from those of the New, 
those of the southern hemisphere from those of the nor- 
thern, and those of one latitudinal zone from those of 
another ; so among tertiary strata we find their fossils 
regulated by similar geographical causes, and each basin 
presenting a similarity of flora and fauna to those at pre* 
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sent floarishing in the same areas. AH this prevents 
minute contemporaneous identifications, and an arrange- 
ment into lower, middle, and upper is, perhaps, all that, 
can be philosophically attempted in the meantime. 

The igneous rocks associated with the Tertiary system 
are all of volcanic origin, and can" be readily traced either 
to volcanoes still in activity, or to cones and craters that 
leave no doubt as to the nature of the source from which 
they emanated. They consist of trachytes or f elspathic 
graystones, basaltic lavas, tufas, and similar compounds, 
and are well exhibited in such districts as Auvergne ia 
Central France, the Ehine, Switzerland, Hungary, and 
Italy. They are found also in Asia Minor, in India, Fur- 
ther India, Australia, and New Zealand, alternating with 
clays, sands, and lignites, either as overflows of lava^ or as 
showers of cindery or scoiiaoeous matter. Wherever, or in 
whatever form they occur, they produce among these 
newer strata dislocations, upheavals, and metamorphic 
changes precisely similar to those produced among the 
older strata by the traps and porphyries. The older the 
tertiaries, the more trappean, of course, are the associated 
igneous rocks ; and the newer they are, the more closely 
do these resemble the products of existing volcanoes. 

As already stated, the organic remains of tertiary for- 
mations belong to existing types, and resemble more or 
less the living flora and fauna of the regions in which they 
occur. But, while this may be received as a general state- 
ment, it must ever be borne in mind that the occurrence 
of tertiary strata over such wide tracts of Europe, Asia, 
and the other continents, necessarily implies great differ- 
ences between the lands and seas of that period and the 
lands and seas of the present day. With these varying dis- 
tributions of sea and land, different climatic conditions 
must have prevaUed ; hence the flora and fauna of cer- 
tain tertiary districts may exhibit forms differing widely 
from those now inhabiting the same area. Thus the lower 
tertiaries of England and France are replete with plants 
and animals that present a sub-tropical aspect ; while in 
the uppermost or pleistocene portion remains of life are 
extremely rare, and everything indicates the existence of 
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rigorous and boreal conditions. With these explanations 
"we may notice some of the more remarkable of tertiary 
f ossH-f orms, especially as they occur in eocene, miocene, 
and pliocene strata — leaving consideration of the pleisto- 
cene or boulder clay for another section. 

The Mora of European tertiaries, whether occurring in 
detached fragments among the clays and marls, or in 
compressed masses as lignites and brown cosds, has 
scarcely received the scientific scrutiny it demands; but 
such of the leaves, fruits, and stems as have been exam- 
ined would seem to indicate conditions of a genial, warm, 
temperate, or even sub-tropical kind. Mimosa-like plants, 
(mimosites) ; leaves like the fan-palm, (flabellaria) ; fruits 
like those of the nipa of Bengal, (nipadites) ; cypress-like 
twigs and cones, (cupressinites) ; unknown pods, (fa- 
boidea); and woody fruits of many kinds (carpolithes) 
are among those given in palseontological hsts — all indi- 
cating warmer conditions, if not in sUu, at least in the 
regions from whence the plants had been drifted. In the 
lignites of India, Kew Zealand, and North America, we 
have similar evidences of genial growth, but on the whole 
a general afiBnity to the existing flora of these respective 
areas. Much, however, depends upon the age of these 
Hgnites, which is by no means well determined ; and just 
as they are of eocene, miocene, or pliocene date, so may 
the character of their plants be expected to differ from, 
or approximate to, those still flourishing in the same lati- 
tudes. 

like the flora, the Fauna of the true tertiaries, at least 
all along the middle latitudes of Europe and Asia, appear 
to indicate the existence of more genial conditions than 
those that now prevail over the same areas. Throughout 
the seas there is a prevalence of more southerly forms, 
and the terrestrial* fauna abounds in genera that are 
now only known in sub-tropical latitudes. Corals, en- 
crinites, cuttle-fishes, sharks, and marine turtles, abound 
in the waters ; tapirs, elephantoid forms, antelopes, lions, 
hyaenas, and monkeys throng the fields and forests. These 
sub-tropical forms occur, of course, most abundantly in 
the lower and middle tertiaries, for in the upper or plio^ 
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cene stages, the fauna approach nearer and nearer to that 
of the current epoch. As regards the moUusca, this gra- 
dation is sufficiently indicated by the terms eocene, mio- 
cency &c. — the eocene containing only from 1 to 5 per 
cent. ; the miocene from 20 to 30 ; the pliocene from 60 
to 80; and the pleistocene as many as 90 to 98 of existing 
species. In this case the marine invertebrata — ^the f oram- 
inif era, corals, sea-urchins, annelids, barnacles, Crustacea^ 
and shell-fish — ^are in a great measure the same as those 
of existing waters ; and their specific divergences wiU be 
best understood by studying them en mite with those of 
the current epoch. The same remark is still more appli- 
cable to the land and fresh-water shells, which, in a ma- 
jority of instances, are undistinguishable from those of the 
present day. Of vertebrate forms— fishes, reptUes, birds, 
and mammals — ^there is a great exuberance in the Old 
World tertiaries; and these, for the most part, belong to 
extinct species. Of marine fishes we have the remains of 
rays, (myliobates,) sharks, (lamna,) saw-fish, (pristis,) sword- 
fish, (coelorhynchus,) sturgeon, (accipenser,) and the like ; 
and of fresh-water forms — perch, carp, and mullet. Of rep- 
tUes, the most abundant are marine and fresh- water turtles^ 
(chelone, emys, trionyx) ; species of crocodile and gavial ; 
and remains of sea-snakes, (paleryx and palseophis.) Of 
birds, whose remains occur very sparingly in every forma- 
tion, several aquatic and wading species have been detected 
in European tertiaries ; but in general these remains are *so 
fragmentary that no very defimte affinities can be insti- 
tuted, and palaeontologists can only assign to them a tem- 
porary and provisional designation. Of mammals we can 
speak with greater certainty ; and as these, in general, are 
more or less related to the fauna of the present continents, 
it may be convenient to consider them luder tMs geo- 
graphical aspect — ^premising that the more ancient ter< 
tiaries contain, of course, the most divergent forms, and 
that the remains occur not only in stratified deposits, but 
in bone breccias, limestone cavemft, and other pregladal 
drifts. 

In the eocene and miocene strata of Europe, for instance, 
we have a great number of pachydermatous animals-^ 
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allied to the tapir (paUeottenum) Emd the dephant, (maa- 
todoD,) to the river 'hogs (chceropotamuB) and to the 
rhinoceros and hippopotamoa, (acioUierium «nd archseo- 




therium) ; while a atill greater nomber seem intermediate 
between the pachyderms and nmiinaDts, (anoplotherium, 
xiphodon, dichodon,) and to which there are now no exist^ 
ing analogaes. Indeed these infemudiate formt — that is, 
genera partaking of the character of two adjacent orders 
— is one of the notable features of the Tertiary epoch. Not 
that such a feature did not exist in prior epochs, but that 
manifesting itself in mammals, it becomes more marked 
and suggestive than in the reptiles, fishes, or invertebrato. 
All the other orders — whales, rodents, camivora, insecti- 
vora, bats, and monkeys— are also represented by extinct 
species ; and genera now exiating in Africa, as elephant, 
rhinoceros, hippopotamus, giraffe, lion, and hyiena, seemed 
to have throng^ the plains, lakes, and river-banks of 
tertiary Europe. We know too little of the tertiaries of 
Africa to arrive at any conclusion aa to their distinctive 
fauna ; but in Asia we find gigantic elephantine forms, 
(mastodon, mammoth,) forms partaking of ruminant and 
pachydermatous characters, (sivatherium, bramatherium,) 
huge turtles (colossocheilys) and crocodilians, all differing 
from the ""a^'"e genera of that contiuentj but assuming 
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more or less a resemblaiice to its liviog fauna. As with 
the Old World so mth the New : North America has its 
mastodons and zenglodons ; and South America the gigan^ 
tic prototypes of its existing sloths, armadilloes, llamas, 
and other mammals. Even Australia has^its gigantic 
marsupials (diprotodon) and reptiles— not "perhaps ex- 
actly contemporary with the palasotheres and mastodons 
of Europe, but prior, and that for a long period, to the 
living fauna of that island-continent 

The exuberant flora and fauna of the early tertiary 
periods (eocene and miocene) gradually passed away; and 
during the later, or pliocene age, the lands in the northern 
hemisphere seem to have been gradually sinking, and a 
less genial climate beginning to prevail. The plants 
assume a merely temperate aspect, (chestnut, sycamore, 
laurel, oak, &c.); the marine'invertebrata are, in large pro- 
portion, the same as those of existing temperate or 
warm-temperate seas; and the terrestrial fauna now 
appear in greatly diminished numbers and humbler di- 
mensions. The great flush of gigantic forms is past ; the 
exuberance of intermediate genera — ^that is, exhibiting 
characters belonging to two or three adjacent orders — ^is 
over; and everything betokens the gradual approach to 
the icy and ungenial epoch that was about to ensue. 

The Bouldee oe Glacial Deift. 

Under this head we comprehend all those extensive 
accumulations of clay, sand, gravel, and boulders which 
cover the true tertiaries of the northern hemisphere, but 
which, from the nature of their clays and polished boul- 
ders, and the smoothed and furrowed rock-surfaces on 
which these rest, cannot be ascribed to the operation of 
agencies now at work within our latitudes. Such accumu* 
lations are found in Europe, Asia, and in North America, 
from the present limits of perpetual ice southward to the 
43d or 44th parallel of latitude. They consist partly of 
stiff tenacious clays, through which are scattered indis* 
criminately rounded and polished blocks of all sizes, fromi 
that of ordinaiy pebbles to boulders many tons in weight; 
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partly of motinds of sand and gravel ; and partly of boul- 
ders, either piled in masses, or resting detached (perched 
blocks, as they are called) on high and exposed situations. 
In most instances these boulders are not only smoothed 
and rounded, but are scratched and striated in straight 
lines, as if they had been forcibly moved in one direction 
along resisting rock-surfaces ; and these surfaces (where 
the rock is sufficiently hard to retain) are in turn 
smoothed and cut in long lineal grooves, apparently by 
the blocks that passed over them. 

The accumulation of such masses of day, with boulders 
indiscriminately mingled through it, is evidently no ordi- 
nary deposition from water; and by no currents, or com- 
bination of currents, can we account for the transport and 
position of the perched boulders, many of which are forty 
and sixty tons weight, and miles removed from the clif& 
from which they were detached. There is only one set 
of forces or agencies with which we are acquainted by 
which these phenomena can be satisfactorily accounted for, 
and these are glacier-ice on land to wear, smooth, furrow, 
and remove, and icebergs to float and transport to a dis- 
tance. Not merely glaciers, such as we find on the Alps 
and other lofty mountains, but an ice-mantle, like that of 
Greenland and the Arctic islands, by which the whole 
land is enveloped, and by which the rocks are smoothed 
and furrowed, as its enormous weight, year after year and 
century after century, presses downward and outward to 
the shores. By these means — ^by glaciers in the upper 
glens and gorges to wear, smooth, and form moraines of 
sand and gravel ; by a general ice-covering, to glacialise 
the surface, and carry polished blocks and triturated 
debris along with it as it crept irresistibly shoreward; 
and by icebergs, which are the more seaward and detached 
fringes of the general ice-mantle, to transport still further, 
and drop their burden of boulders and debris as they 
melted away — ^we can in a great measure account for all 
the phenomena of the so-called Boulder or Glacial period. 

It would seem, therefore, that towards the dose of the 
pliocene period the genisd climate that had prevailed 
throughout the earlier tertiaries began gradually to give 
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way, and to be snperseded by one of a more rigorous 
nature. What had been the proximate cause of this we 
cannot yet determine, but we see in the gradually-decreas- 
ing flora and fauna of the pliocene abundant evidence of 
its approach. The cold increases, and all the higher lands 
are covered with snow and glaciers; the flora and fauna 
succumb, and only such species survive as can gradually 
remove to more southern latitudes; hence the great 
paucity, or even total absence, of organic remains in the 
clays and gravels of the boulder epoch. Along with this 
increasing cold, the land seems to have gradually subsided 
to the extent of 1600 feet or more, for at this elevation 
we discover evidences of marine transport and sheUs; 
and again, after a long period, to have as gradually risen 
above the waters. The later stages of this uprise are to 
be seen in the old sea-margins, or raised beaches, that 
fringe the shores of the northern hemisphere, and in some 
of which (the Clyde days, <ba) we still detect the shells 
and other reliquiae of a boreal or glacial ocean. Beyond 
these shells, and a few scattered bones of whales, seals, 
divers, and other northern forms, organic remains are all 
but unknown in true glacial accumulations ; and the drifts 
contai^iing bones of mammoth, mastodon, hippopotamus, 
rhinoceros, &c, are either to be ascribed to the dose of 
the pliocene or the earlier portion of the post-tertiary 
epocL 

The commingling and reassortment of accumulations 
that have taken place in consequence, /r<^, of the gradual 
subsidence of the land, and, second, through its subsequent 
elevation, often renders it impossible to determine the 
relative age of certain drifts ; but, generally speaking, the 
true boulder clays, partaking of the colour and mineral 
composition of the rocks on which they rest, and the 
moraines of sand and rubbly shingle, can be distinguished 
from the pre-gladal and post-glacial deposits. The evi- 
dences of ice-action in rounding, smoothing, and striating 
the boulders and pebbles, the unsedimentary aspect of 
the sands and gravds, and the total absence of organic 
remains, are points which, if well considered, will sddom 
fail to enable the observer to discriminate between the 
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tme Boulder or Glacial Drift and other marine or fluyiatile 
drifts of earlier or later epochs. 



Sudi are the leading features of the Tertiaiy system, 
as usually arranged into eocene, miocene, pliocene, and 
pleistocene periods; or, more familiarly, into lower, 
middle, upper, and boulder-drift formations. In the 
lower and middle divisions we perceive over wide areas, 
both in the Old World and in the New, abundant evi- 
dence of genial conditions of life and growth. The lands 
along the river-banks, lakes, and shallow seas are thronged 
with sub-tropical and warm-temperate forms, whose re- 
mains are now preserved to us in the clays, silts, sands, 
marls, limestones, and gypsums of these areas of deposit. 
In the sands, gravels, and clays of the upper division we 
perceive a gradual declension of these life-forms, both in 
size and numbers; and ultimately, during the period of 
the boulder-drift in the northern hemisphere, their utter 
disappearance. 

During the eocene and miocene periods there exist but 
a small proportion of existing species; but in the pliocene 
and pleistocene existing forms predominate, and we are 
insensibly led into the plant-life and animal-Hfe that now 
adorns the terraqueous surface. A notable feature in the 
terrestrial fauna of the early tertiaries is the number of 
gigantic and intermediate forms — a feature that ceases 
to characterise the later stages, and appears still less in 
the current epoch. In the earlier tertiaries the genera 
and species seem to have had a wider range of exis- 
tence; during the later formations they become more 
localised, and gradually assume the distribution that be- 
longs to the present. In the northern hemisphere, at 
least, this continuity is interrupted by the incidence of 
the Glacial Drift, which marks a long period of icebound 
lands and frozen seas inimical to exuberance of life, 

a 
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though perliaps, as in the Arctic regions of the present 
day, migrations took place during a brief summer of cer- 
tain races, whose bones occur in anomalous drifts, which 
are by some regarded as pre-glacial and by others as post" 
gladaL In course of time the Glacial era passes away, 
the lands and waters gradually assume the grand outlines 
of their present distribution, and the existing order of 
nature is established. 

In the recurrence ot these warmer and colder i)eriods 
over the same latitudes, so clearly established by tiie his- 
tory of the Tertiary, Glacial, and Current epochs, we per- 
ceive the existence of a great cosmical law that must 
have operated during all preceding geological epochs; and 
should thus be prepared for the discovery of similar alter- 
nations during the earlier formations. Land and water 
—high and low, genial and ungenial — has been the order 
of recurrence in all times past; and by bearing this fact 
in mind, phenomena in the stratified crust become intel- 
ligible, which would otherwise remain anomalous and 
inexplicabla 
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SYSTEM. 

After the deposition of the Boulder Drift, the land and 
water in the northern hemisphere seem to have assumed 
very nearly the same distribution that characterises them 
at the present day. The land, no doubt, stood consider- 
ably lower in the water, for almost every coast is marked 
by terraces, or ancient shore-lines, indicative of uprise ; and 
in this case some islands may have made their appear- 
ance, and the land, generally speaking, may have gained 
somewhat upon the water, but, on the whole, the same 
contours prevailed^ and the existing order of things was 
gradually established. We know less of the condition of 
the southern hemisphere at this period, partly because it 
has been less minutely examined, but chieiS^y from the 
circumstance that it is much more largely occupied by 
water — ^Australia and the spur-like projections of Africa 
and South America being the only hmd- masses lying 
within its aresk Even there, however, and especially in 
South America and Australia^ several terraces of uprise 
are observable ; and it may be taken for granted, within 
very narrow limits of error, that the Post-Tertiary period 
has been marked throughout by the same distribution of 
ocean and continent that at present prevails. 

But while this may be accepted as true in general terms, 
it must be borne in mind that the agencies described in 
Chapter IIL have been and are ever in incessant operation 
in the production of physical change. We may, therefore, 
expect that during the current period there have been 
numerous instances of local uprise and submergence ; that 
deltas have been formed and lakes silted up ; peat-mosses 
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and jungle-growth accumulated in swamps ; shoals, banks, 
and reefs aggregated in the ocean ; headlands worn down 
and bays shoaled up ; ravines and valleys eroded ; vol- 
canic cones piled up ; and surface irregularities produced 
by earthquake convulsions. Along with such physical 
mutations, we may also anticipate the local removal and ex- 
tinction of certain species, the introduction of others, and, 
generally speaking, a progression analogous to that which 
has marked the course of all former geological epochs. To 
indicate these changes, physical and vital, is the purport 
of the present chapter ; but as local details would occupy 
volumes, we shall best convey an idea of these Post-Ter- 
tiary or Superficial Accumulations, by arranging them ac- 
cording to the agencies by which they have been produced, 
or the nature of the medium in which they have been col- 
lected. We shall thus have river, lake, and sea deposits ; 
vital, chemical, and igneous accumulations; or, speaking 
technically, fluviatile, lacustrine, marine, organic, chemi- 
cal, and igneous formations, the nature of which we shall 
now briefly describe. And here the reader is reminded 
that the more intimate his knowledge of modem deposits, 
the better will he be prepared to interpret the ancient 
formations, and the causes concerned in their production. 
Under the head of FluvvottUe accumulations (Lat.^2«- 
viu8^ a river) are embraced all those formed through 
and by the agency of streams and rivers. Such accumu- 
lations are found chiefly along the courses of, and in the 
valleys occupied by, existing rivers. They consist of 
sand, gravel, and miscellaneous debris ; but in the stiller 
reaches, and along the more level portions of valleys, of 
fine alluvial silt or alluvium. Where rivers have deepened 
and shifted their channels, these deposits constitute ter- 
races, the higher of which are often of great antiquity. 
Beside the accumulations formed along the courses of 
rivers, there are generally alluvial deposits or deltas at 
their mouths, and these are frequently of great extent and 
thickness. Where a river discharges itself into a tidal 
estuary, the deltic deposit will be partly fluviatile and 
partly marine, and as this is the ease with most of the 
larger rivers, their deltas are less fluviatile than fluvio- 
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marine. As fluviatile action has been going on uninter- 
ruptedly since the establishment of the existing seas 
and continents, the preceding accumulations will be of 
all dates from the present day back to the close of the 
Drift formation. And as rivers often shift their channels, 
and are subject, moreover, to floods and freshets, which 
tear up the older accumulations and commingle them 
with the new, it will sometimes be extremely difficult, if 
not impossible, to decide upon their relative antiquities. 
These and similar considerations must be taken into ac- 
count in the investigation of river-deposits, and it is 
simply for want of this caution that erroneous conclusions 
are constantly being arrived at. Such being the nature of 
fluviatile deposits, we may expect to And them in all the 
larger and more level river- valleys — ^here as reaches of 
flat alluvial land, there as fringes of shingle and gravel ; 
in one place as a single terrace of former elevation, in an- 
other as a succession of terraces ; here as a compact delta 
in some estuary, there as a reticulation of marshes, river- 
mouths, and mud-banks gradually pushing forward into 
the sea. In this way have been formed the dales and 
holms and straths of our own islands, the river-plains of 
the continents, and all the deltas of such rivers as the 
Ganges, Nile, Niger, Amazon, and Mississippi. In the 
more recent portions of these deposits, the organic re- 
mains belong to plants and animals still flourishing in the 
surrounding districts ; but in the older and deeper portions 
the remains occur in a suh-fossU or partially f ossH state, 
and belong in many instances to plants and animals that 
have long since disappeared from the region, or are alto- 
gether extinct. Of such local removals we may instance 
the beaver, bear, wolf, wild-boar, reindeer, and primitive 
ox, whose bones occur in the river-deposits of our own 
islands ; and of general extinctions we may point to the 
mammoth, mastodon, and woolly rhinoceros of the 
northern hemisphere ; the megatherium, megalonyx, glyp- 
todon, &C., of South America ; and the dinomis or gigan- 
tic ostrich-like bird of New Zealand. As every great 
region of the globe is now characterised by its own special 
flora and fauna, so will the river-deposits of these regions 
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be diaracterised in future ages by tbeir own peculiar to&- 
■Us ; and thia consideration should induce great caution 




wben we attempt to coordinate the older formationB, for 
we have no reason to presume tliat nature was guided in 
the Rist by otlier metliods tlian those tiiat now gorem 
the Freseut. 

Under Laaulnne deposits (Lat. lacut, a lake) are com- 
prehended aU tlie sediments that usually accumulate in 
fresh-water lakes. Of coarse these will vaiy in mineral 
composition according to the locality of the lake, and in 
oi^anic contents according to the latitude and altitude of 
the situation ; hut, generally speaking, in Europe alluviid 
sits, Bandy clays, clay-marls, shell-marls, and bog-earth or 
peat-moss, are the common accumulations. The silts and 
clays and aanda are carried in by streams; the marls arise 
partly from calcareous springs, but munly from the shells 
of fresh- water moUnsca ; and the bog-earth and peat-moss 
ore formed after the lake has been bo far silted up and 
converted into a swamp or morass. In situations where 
the feeding streams carry little sedimentary matter, the 
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Golting up of lakes mnst be an extremely slow process; 
but where they lie along the course of extensiye valleys, 
and are fed by numerous hill-streams, the process must 
go forward at a much more accelerated rate. Most of our 
existing lakes are bordered by alluvial flats and swamps, 
which at one time were evidently occupied by their waters ; 
and when we examine many of our alluvial valleys^ we 
find that they are but a succession of silted-up lakes, and 
consist of all the sediments that usually characterise la- 
custrine areas. 

The remains found in the lacustrine sediments of Europe 
are often very varied and full of interest. The peat-earths 
are usually replete with marsh-plants, as equisetums, bull- 
rushes, reeds, <&&, and contain also portions of willow, 
bog-myrtle, birch, alder, and other trees that affect swampy 
habitats. The marls are replete with shells of lymnea^ 
paludina, planorbis, cyclas, and other fresh-water genera ; 
while the silts imbed the bones, horns, and antlers of 
creatures still living in Europe; or in the case of Britain, 
of many such as the gigantic Irish-deer, primitive-ox, 
wild-boar, wolf, beaver, and others that have long since 
become extinct in these islands. Along with these, the 
remains of man himself, and objects of human art, such 
as stono-hatchets, tree-canoes, bronze-implements, and the 
like, are not of unfrequent occurrence— iJl pointing to the 
time when what is now an alluvial flat was an open lake, 
over which rude tribes paddled their canoes, and in which 
they occasionally dropped the implements of the chase, 
or their instruments of warfare. Besides these, in the 
ancient alluvia of some European lakes, as those of 
Switzerland and Ireland, remains of ancient pile-dwellings 
(cranogges) have been detected — these also pointing 
to a distant antiquity when the physical conditions of 
Europe were widely different from what they are at pre- 
sent, and when it was inhabited by races whose manners 
and customs lie far beyond the reach of recorded history. 

The Mariru accumiiLations of the Current period (Lat 
nuxre^ the sea) embrace all those collected within the area 
of the ocean, whether formed along shore (littoral) or out 
in the deeper waters (pelagic.) The shore deposits consist 
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chiefly of sand, shingle, and marine silt — the sand acca- 
mulating in shallow bays, along which it forms low 
irregular tracts of sand-dunes; the shingle and gravel 
along the more exposed shores ; and the finer silt in estu- 
aries and the stiller recesses. The sandy tracts that occur 
along the bays of our own islands, and- along the coasts of 
France, Holland, and Denmark, (often blown into gro- 
tesque dunes and ridges,) are strictly marine accumula- 
tions; and, the more inland portions, (now converted 
into cultivated fields and pasture lands,) are of high an- 
tiquity. The same remark is also applicable to the ''silts" 
and "warps" of our estuaries — ^the older portions of which 
have long since been reclaimed from the waters, and con- 
verted into alluvial plains of great fertility. The organic 
remains found in such accumulations are chiefly marine — 
shells, bones of fishes, aquatic birds, seals and whales ; 
but, as might be expected, terrestrial plants and animals 
are by no means unfrequent. In the newer deposits, the 
remains belong to species inhabiting the adjacent waters ; 
but in some of the older, they belong to species that now 
live in distant seas — ^thus shewing changes of condition 
and climate since the commencement of the current epoch. 
The older marine sUts, or "brick-clays" of the Clyde and 
Forth, are replete with shells now extinct in British seas, 
but which are still living in Arctic and sub-Arctic waters. 
Where gradual uprises of the land have taken place, 
these littoral deposits (Lat litttis, the shore-line) consti- 
tute the " ancient sea-beaches " of the geologist — several 
stages or terraces of which are observable along the coasts 
not only of Britain, but of almost every country in the 
northern hemisphere. Organic remains are seldom pre- 
served in the loose and open material of 'these raised 
beaches ; but where they do occur, they indicate either 
slight variations of species, or belong to species that are 
now not to be found along the existing shores. In general, 
(at least in the northern hemisphere,) the sea-board ex- 
hibits only terraces of uprise or ancient beaches ; but in 
one or two instances we have also evidence of depression 
in what are termed " submarine forests " — that is, layers 
of peat and forest-growth, which occur along shore con- 
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siderably beneath the existing tide-levels. These sub- 
merged forests, which may be seen at various points along 
the shores of England and Scotland, must have gr&wn on 
land beyond the reach of the tide ; and the fact of their 
now behig covered by the sea, is- proof that oscillations of 
the crust — ^that is, uprises and depressions — are still in 
these latitudes among the operative causes of geological 
phenomena. 

Of the pelagic, or deep-sea deposits, (Gr. pelagus, the 
d^p sea,} we know very little from actual observation ; 
but if we may infer from such soundings as have been 
made, they must be extremely varied in their composi- 
tion—of vast extent, and in all likelihood of considerable 
thickness. Some shoals and banks consist of sand, others 
chiefly of broken shells, and some again almost wholly of 
the bones of fishes, seals, and similar marine vertebrata. 
In some depths the lead brings up. dark fetid slime ; in 
others comminuted shells and corals ; and in some again 
a soft calcareous mud, almost wholly composed of the 
minute calcareous shields of foraminifera. Of course the 
bearers and sorters of these deposits are the tides and 
currents of the ocean ; and as these are co-extensive with 
the ocean itself, and incessant in their action, the deep- 
sea deposits must be of great magnitude ; and, in some 
instances, of great continuity and persistence. Another 
circumstance, and one which bears most intimately on our 
interpretation of the older formations, is that these ocean- 
currents, (the Gulf Stream, Arctic Current, Equatorial 
Current, &c.,) in their flow from one zone to another, must 
commingle the products of widely-separated regions — a 
phenomenon which may have occurred in former epochs, 
and which would be wholly inexplicable by the palaeonto- 
logist, who regards every fossil-form as strictly pertaining 
to the locality in which it is imbedded. 

Organic accumulations — that is, accumulations of vege- 
table and animal growth — may occur in rivers, lakes, or 
seas, and in this sense are either fluviatile, lacustrine, or 
marine; but we here consider them under a separate 
head, as best explaining their character and mode of for- 
mation. While vegetable debris is borne down from the 
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land by nversy or swept from the shores, and mingled less 
or more with all ordinary sediments, the most obvious 
accumulations of a vegetable nature are peat-mosses, 
which occur in all the temperate and colder zones — 
cjrpress-swamps, like those occupying large tracts in the 
Southern States of America — ^and forest-growth, mangrove- 
jungle, and the like, which accumulate chiefly in low- 
lying tropical river-basins and estuaries, as along the 
Amazon, Orinocco, and Niger. Most of these accumula- 
tions are superficial and obvious in their mode of forma- 
tion ; but others—like our submerged forests, the tree- 
drifts of the Arctic islands, Siberia, and Arctic America, 
which are now overlaid by sands and clays and gravela — 
are more difficult to be accounted for, and are clearly of 
great antiquity. In whatever form these vegetable accu- 
mulations occur, they must be regarded as the coal-form- 
ing beds of the present .epoch, just as the lignites of the 
Tertiary are the semi-mineralised peat-mosses and forest- 
growths of that era, and the coals of the Oolite and Car- 
boniferous the fully-mineralised and metamorphosed vege- 
tation of these still more distant ages. And just as the 
reader makes his acquaintance with existing vegetable 
drifts, peat-mosses, cypress-swamps, jungle-growths, and 
their modes of accumulation, so v^ he be the better pre- 
pared to comprehend the nature and formation of the 
coals and anthracites of mesozoic and palaeozoic epochs. 

Of animal accumulations the most obvious and exten- 
sive are those produced by the lower and more minute 
forms of life. They are chiefly marine, and consist of 
shell-beds, coral-reefs, infusorial and f oraminif eral aggre- 
gations. Shell-beds are occasionally for&ed in sUu^ by 
tiie destruction of gregarious moUusca; but more fre- 
quently by the accumulation of dead shells, either drifted 
on shore or borne by currents to shoals and banks in the 
ocean. Coral-reeDs, again, are secreted from sea-water by 
coral zoophytes, and occur largely in the Southern Pa* 
cific and Indian Oceans, where they present themselves 
either as long lineal "reefs" off shore— surround some 
islands as " barriers " — crown banks and rocks in circular 
form with enclosed lagoons as "atolls"— or rise up in 
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' ledges " and independent isleta Occurring over ezten- 
fiive areas, varying from 20 to 100 feet in thickness, and 
stretching at times for hundreds of miles in uninterrupted 
length, these coral-reefs are perhaps the most remarkable 
of organic formations ; and are now largely contributing, 
as they have done in all time past, to the solid consti- 
tuents of the globe. The foramixufera also, by the accumu- 
lation of their myriad microscopic shells, are forming in 
like manner submarine deposits, of whose extent we can 
only guess by their prevalence in almost every portion of 
the ocean. And as shell-beds, coral-reefs, and forami- 
niferal aggregations are now preparing the matter for 
future beds of limestone ; so in many estuaries the infu- 
sorial animalcules, by the accumulation of their siliceous 
shields, are engaged in the preparation of flinty and cherty 
strata. There are few things in nature so wonderful as 
the aggregation of rock-matter on such a stupendous 
scale, by creatures so minute as to be invisible to the 
naked eye; and when we reflect on the slow rate of 
aggregation, there is none, perhaps, that more impresses 
the mind with the amount of time that must have lapsed 
since their commencement in the current enk 

But while the minuter invertebrata are mainly instru- 
mental in adding to the stony matter of the globe, the 
geologist must not lose sight of the minor accumulations 
composed of the bones and other reliquiae of the verte- 
brate animals. These are " bone-banks," like that lying 
between the Faroe Islands and Iceland, and almost wholly 
composed of the bones of cod, Hng, torsk, seal, and other 
creatures inhabiting these northern waters ; the " osite,'' 
or bone-guano of the island of Sombrero, which is evi- 
dently an upheaved bone-shoal of great antiquity ; the 
" osseous breccia," or bone-breccia, occurring so frequently 
in limestone fissures and caverns ; the " ossiferous gra- 
vels," (Lat. o», a bone, and fero^ I yield,) or gravels of 
certain valleys replete with the drifted bones of extinct 
and existing mammals; and the "guano" of tropical 
islets, which mainly consists of the partially-mineralised 
excrement of sea-fowls, interspersed with bones, eggs, 
and similar exuvi». Such accumulations as the preceding 
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present themselyes of all ages, and in all stages of con- 
solidation, from the loose drifts of the current century to 
the hardened stalagmitic breccias of Sombrero, the Medi- 
terranean, and our own limestone caverns ; and from the 
drifted bones of the present day to the old gravels of 
Northern Europe and Asia, containing the bones of mam- 
moth, rhinoceros, reindeer, musk-ox, &c. ; the silts of 
America, containing mastodon, and megatherium ; of Ma- 
dagascar, containing eggs and bones of sepiomis ; and of 
New 2iealand remains of dinomis. 

Whatever may be the effect of Chemical action within 
the crust in dissolving some strata, in consolidating 
others, or in the formation of nmieral crystals and 
metallic veins, we see it principally at the surface in the 
production of calc-tuff and calcsinter by calcareous 
springs, of siliceous sinter by siliceous springs, of 
various salts by saline springs, of bituminous ex- 
udations from coals and lignites, of bog-iron ore in 
marshes, and of similar analogous deposits. All cal- 
careous or petrifying springs are incessantly depositing 
tufa and sinter along their margins, just as in caverns they 
produce stalactites and stalagmites ; but it is only in such 
cases as the " travertine " of Italy where they produce 
rock-masses of sufficient magnitude to affect the superficial 
aspect. The same remark applies to siliceous springs, 
notable examples of which occur in the geysers of Ice- 
land and the hot springs of the Azores ; to bituminous 
exudations, like the pitch lake of Trinidad, the petroleum 
springs of Eangoon, and the oil springs of North Ame- 
rica ; and to saline incrustations and deposits, (common 
salt, nitrates of soda and potash, sal-ammoniac, &c.,) like 
the palinas of South America and the salt lakes of Cen- 
tral Asia. All these, and others of a similar nature, are 
incessantly adding to the mineral structure of the crust, 
if not notably in point of magnitude, at least instruc- 
tively as to manner, and thus become invaluable to the 
geologist, in enabling him to interpret the phenomena of 
the more ancient epochs. 

Among the most extensive accumulations and changes 
now in course of production on the surface of the globe 
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are those arising from Vtdcanismf or that internal igneous 
action with which we associate the volcano, earthquake, 
and gradual uprise or depression of portions of the solid 
crust. To describe the amount of lava, scoriae, dust, hot 
mud, or other rock-matter thrown out by such volcanoes 
as Etna, Vesuvius, and Hecla during times of eruption, 
would convey a very imperfect idea of the accumulation 
of igneous products that is yearly taking place within the 
vulcanic areas of the eastern and western hemispheres. It 
is enough to remember that between three and four hun< 
dred craters are in incessant activity, ejecting and accumu- 
lating igneous products, and that perhaps double that 
number have been in a similar state of activity since the 
commencement of the current era. In this way extensive 
additions must have been made to all the volcanic hills 
and chains in the world; and in this way, also, numerous 
islands must have made their appearance from the bosom 
of the ocean. The more recent ejectments — loose, dry, 
rugged, and barren — readily speak for themselves; but 
the more ancient — compacted, worn down by meteoric 
action, and clad with vegetation — are more difficult to 
decipher, and carry us imperceptibly back to the tufe, 
trachytes, and basalts of the Tertiary epoch. * 

As with volcanic accumulation, so with earthquake con- 
vulsion. We know, perhaps, the amount of fracturing, 
upheaval, and depression that has taken place during the 
current century within such areas as Chili, the West 
Indies, Italy, Java, Japan, and other centres of convul- 
sion; but beyond this date we have little of recorded 
value, and are left to infer from our acquaintance with 
the present what must have taken place during the earlier 
portion of the current epoch. We know, for example, 
that in 1822 the coast of Chili was suddenly upheaved to 
the height of eight or ten feet; that a similar sudden 
uprise of six or eight feet took place in North Island, 
New Zealand, in 1858; that in 1819 the Ullah Bund, in 
the delta of the Indus, was also suddenly upheaved to 
the extent of ten feet, while other adjacent tracts were 
depressed; and we have further read of the devastations 
produced by the West India, Java, Japan, and Sicilian 



110 TH2B SiJtTH'S CBT78T. 

earthquakes; bat beyond a few scattered facts, sach aa 
these, we have no historical record. Taking these, how- 
ever, as ordinary illustrations of the amount of change 
that may be brought about by earthquake conyulsions, 
we can readily conceive how greatly the superficial aspects 
of the earth must have been modified by such means 
since the commencement of the Post-Tertiary period. 

By far the most extensive changes, however, that seem 
to depend on subterranean forces are those slow and 
gradual crust-motions by which some portions are up- 
raised above, and others depressed beneath, the medium 
level of the ocean. Movements of this kind not only 
alter the relative distribution of sea and land, but by 
making the seas shallower or deeper, and the lands higher 
or lower, affect also the climate, the distribution of plants 
and animals, and ultimately the contours and profiles of 
the land. W^ can readily perceive the effect that would 
be produced by the uprise or depression of our own 
islands, even to the extent of fifty or sixty feet — how 
much of the shallow sea-bed and estuaries would be con- 
verted into dry land in the one case,<and how much of 
our low-lying fens and carses would be covered by the 
waters in the other. That such movements have exten-> 
sively taken place during the current period we have 
ample evidence in the old sea-margins or raised beaches 
of our own islands ; in the well-known uprise of the Scan- 
dinavian peninsula^ which is still going on at the rate of 
four or five feet a century; in the numerous terraces of 
uprise that fringe the coasts of Siberia, Spitzbergen, North 
Greenland, and all the islands within the Arctic circle, 
and which are strown to the height of nearly two hundred 
feet with the shells and bones of the existing marine 
fauna of that boreal region. As there is uprise in one 
region, so we may naturally expect depression in another^ 
and the southern coast of Greenland, the Atlantic sea- 
board of the Southern States of America, and many of 
the islands in the South Pacific, have been adduced as 
evidences of this phenomena. Whether uprise or de- 
pression, we readily perceive in this kind of crust- 
movement the great distributor of sea and land in for- 
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mer epochs; a&d though we caimot detennine the prozi- 
xnate cause on which it depends, we may rely on its 
obeying some law of periodicity as fixed and determinate 
as liiose which goTem the more obvious ordainings of the 
uniyerse. 



The preceding pages present but a brief and very gene- 
ral outline of Post-Tertiary, Quaternary, or Becent accu- 
mulations. In our own islands the Boulder Drift forms 
a well-marked boundary between them and the Tertiary 
formations; but where this glacial drift is absent, the one 
system merges gradually into the other, and we can only 
dass as Post-Tertiary those accumulations whose organic 
remains belong exdusively, or all but exclusively, to 
existing species. Consisting, as they usually do, of loose 
sands, gravels, days, silts, and marls; of peat-mosses, 
swamp-growths, and soils; of shell-beds, coral-reefs, and 
infusorial accumulations; of calcareous, siliceous, and 
other deposits* from springs; and of lava, scorisB, and 
similar ejectments from volcanoes, it is all but impossible 
to treat them in order of succession, and we have accord- 
ingly arranged them imder the agendes by which they 
have been mainly produced. In this way we h&yejluviar 
tile accumulations produced through and by the action of 
rivers; lacustrine deposits formed in lakes and marshes; 
marine accumulations collected in seas and salt-water 
areas; organic, arising from the vital agency of plants 
and animals; chemical, through chemical actions and re- 
actions, in contradistinction to mechanical deposits ; and 
igneous, or those depending on subterranean heat and 
force for their production. When arranged in this man- 
ner, there is in general little difficulty in determining the 
older from the newer; and though we cannot assign 
chronological dates, we can at least determine the order 
of succession. 
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Following this succession, we find that while almost 
the whole of these superficial accumulations have beeii 
formed since the existing order of things was established, 
yet in some of the older deposits there occur the remains 
of animals either not now living in the same .areas or 
altogether extinct. Thus in the older marine and estua- 
rine silts of Britain we discover shells unknown in our 
seas, though still existing in more boreal waters ; while 
many of our valley and lacustrine deposits contain the 
remains of animals (beaver, wolf, wild-boar, bear, rein- 
deer, musk-ox, &c.) long since removed from these 
islands, and even in some instances (Irish-deer, mam- 
moth, woolly rhinoceros, cave-bear, cave-lion, <fec.) univer- 
sally extinct. As in the limited area of Britain, so in the 
continents both of the Old World and New World we 
have similar removals and similar extinctions, thus prov- 
ing, according to the present rate of progression, a vast 
antiquity for the accumulations that contain thenou In 
some of the river-drifts of France and England stone and 
flint implements have been found side by side with the 
bones of these extinct mammals; but as all river-accumu- 
lations are more or less liable to disturbance and reassort- 
ment, some doubt still hangs over the question of man's 
contemporaneity with such early forms as the mammoth 
and mastodon. But however this question may be ulti- 
mately settled, there can be no doubt that the remains of 
man and of his works which occur in lake-silts, peat- 
mosses, bone-caverns, and the like, bespeak an antiquity 
far beyond the six or seven thousand years of the ordi- 
narily-received chronology. Nor, even should it be proved 
that an early race of men hunted the gigantic Lish-deer, 
and speared the mammoth in the forests of pleistocene 
Europe, is Geology prepared to offer any definite assertion 
as to years and centuries. Its legitimate cultivators may 
feel convinced of the vast antiquity of those events ; but 
they decline, in the present state of their science, to assign 
to them other than a merely relative chronology. 

But waving all questions as to dates, we perceive that 
from the commencement of the Post-Tertiary system there 
has been a continual succession of physical changes — 
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small, it may be, in any given locality or for any stated 
period, but great in the long-run, and necessarily accom- 
I)anied by changes in the vital conditions of the globe. 
We. see, also, that during the same period plants and 
animals have undergone not only removals from one area 
to another, but even in some instances total extinction; 
and though, through the imperfections of science, the 
introduction of new races has passed unobserved, we may 
rest assured that, in the scheme of creation, birth and 
death, creation and extinction, are necessary and unfailing 
concomitants. We thus discover in the Post-Tertiary, as 
in all the prior epochs, a system of change and progress; 
and the better we understand these recent accumulations, 
the better will we be prepared to interpret the phenomena 
of the more ancient formations. Their nature, mode and 
rate of accumulation, the conditions ynder which they 
are formed, and the vital phases by which they are accom- 
panied, is the most important preliminary knowledge to 
the study of Gkology. They merge, in fact, into the phy- 
sical geography of the present ; and all Geology is but the 
physical geography of the world at its successive stages 
backward in time. 

There is thus no break between the existing phases of 
nature and those of the long geological past. We pass 
from the present to the historical, and from the historical 
to the pre-historical; and both giadually descend into the 
geological, where the only records are those which nature 
lias indelibly preserved in the stratified crust The his- 
torical forms but the merest fraction of geological time — 
a single beat of the pendulum compared with the unnum- 
bered ages whose chronology is registered in the systems 
and formations we have endeavoured to describe. And 
yet throughout the whole, from the Cambrian to the 
Present, we find the same agencies at work, similar phe- 
nomena produced, and the same vital plan sustained in 
ail its countless and ever-diverging developments. 
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XL 

GENERAL INFERENCES AS TO WORLD- 
HISTORY. 

Fbom what has been stated in the preceding chapters, it 
will be seen that the rocky crast of our globe presents a 
history of long-continued change and progress To inteX' 
pret this history, as recorded in the stratified and un- 
stratified rocks, is the object of Qeology; and that 
science best fulfils its function by restricting its inquiry 
to the facts which these rock-formations reveal Specula- 
tions as to the origin of matter and the formation of the 
universe, imless as inferences from the observed structure 
of our planet, lie altogether beyond the pale of Geology ; 
and all World-History deserving of the name, begins with 
the oldest stratified rocks, which evince, by their structure, 
composition, or organic remains, the causes which led to 
their production. It is true that these old strata are 
underlaid by the still older crystalline and metamorphic 
schists, but these schists bear no evidence of the condi- 
tions under which they were formed, and belong, there- 
fore, to pre-geological rather than to geological time. Our 
science does not profess to present the history of this 
planet in one continuous narrative, from its origin up to 
the present day; but, beginning with existing conditions, 
traces back, stage by stage, as far as it can, the record 
that remains legibly registered in the rocky crust. Though 
the monuments become obscure, Qeology still labours to 
reveal ; but when they are utterly effaced, she closes her 
legitimate task and leaves the rest to cosmogony and con- 
jecture. 

Guided by these methods, all true Geology may be said 
to commence with the Cambrian strata— the first in which 
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fossils have been detected as evidence of the kind of con- 
ditions that prevailed on the surface of our planet. All 
previous to that period is obscure and unsatisfactory, and 
though we may feel convinced that the agencies now 
operating on the globe were in operation long antecedent 
to Cambrian times, yet we have no certain evidence of 
their methods, and are constrained to commence our 
history only where the record becomes obvious and 
legible. From the Cambrian up to the present day, the 
agencies concerned in the formation of the stratified rocks 
— ^the sandstones, shales, limestones, ironstones, and the 
like — are all more or less obvious, the seas and estuaries 
in which they were deposited discoverable, the lands 
from which they were derived can be indicated, and the 
plants and animals that flourished during each*successive 
period can be restored with sufficient certainty to estab- 
lish their relations, and to some extent also the geograph- 
ical conditions under which they existed. The earth 
writes, as it were, her own record, and this we have only 
to examine with sufficient skill, to arrive at a knowledge 
of the various mutations she has undergone, and which, 
under the continuous operations of natural law, she is 
still undergoing. 

The various systems and formations we have described, 
constitute the great sections and chapters of this history 
— ^a history of marvellous interest and duration, and only 
as yet beginning to be imderstood and appreciated. 
Young, however, as Geology is, and imperfect as are many 
of her methods, she has established the fact that the crust 
of this earth is undergoing incessant change, conformable 
to some universal, but as yet little understood, plan of pro- 
gression. Sea and land have frequently changed places, 
slowly and gradually, but still decidedly ; and under each 
variation, different geographical conditions have pre- 
vailed, and with each varying condition different races of 
plants and animals have peopled the lands and waters. 
Throughout the immense lapse of time indicated by the 
stratified formations, there has been no break or ces- 
sation ; the same causes of change are still in harmonious 
opemtion, and we naturally infer that as in the Past and 
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the Present, so in the Future, other distributions of sea 
and land will arise, other physical conditions will be 
locally established^ and along with these, other plants 
and animals will appear, perfectly adapted to the new 
conditions of existence. 

Nor is it merely a panorama of incessant change that 
Geology reveals, but a progress from lower to higher 
—each ascending stage in time being characterised by 
higher forms of life, built up after a uniform plan, and 
belonging to the same great category of vitality. It is 
true that the geological record is by no means perfect ; 
that out of the myriads of plants and animals that 
flourished in bygone periods, only a small proportion 
have been preserved in the stratified rocks, and that a still 
smaller proportion of those so preserved have yet been 
discovered by palaeontologists. Notwithstanding this 
admitted imperfection, enough has been detected toprovo 
the fact of progression from lower to higher forms ; and 
by and by, as our discoveries extend and our scientific 
methods become more precise, enough will be revealed 
to indicate the nature of the law by which this progres- 
sion has been, and is still in course of being, effected. In 
the meantime Qeology has established the fact; Physiology 
and the cognate sciences are striving to discover a satis- 
factory explanation. Their endeavour is not to fathom 
the origin of life, and similar problems equally imattain- 
able, but simply to trace the course of creation, and from 
a knowledge of that course to indicate the secondary 
causes employed by the Creator for its regulation and 
development. 

In this task Qeology, recent as it is, has made marvel- 
lous progress, and cosmical facts undreamed of by our 
forefathers are now familiar knowledge to the present 
generation. Our forefathers contented themselves with 
the patristic chronology of the earth ; we now know, from 
the numerous physical mutations the crust has undergone, 
and from the repeated successions of plants and animals 
imbedded in its stratified formations, that it has existed, 
and been the theatre of life and enjoyment, for untold 
ages. It was formerly matter of belief that the existing 
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seas and lands were the same as those over wbich the sun 
first rose on the morning of his creation; it is now known 
that land and water have repeatedly changed places, and 
that every stratified formation in the crust is evidence in- 
disputable, that the area over which it now spreads was 
at one time occupied by the waters. Along with the 
belief in the recent formation of the earth, existed also 
the doctrine of the recent origin of plants and animals ; 
it has now been shewn by palaeontology, the vast an- 
tiquity of certain forms of Ufe, and the gradual extinction 
and appearance of race after race in long succession — so 
long that every geological cycle is characterised by its own 
special flora and fauna. Formerly it was the general belief 
that the forms of life now peopling the globe were the 
same in kind as those which had existed from the begin* 
ning ; now palaeontology has shewn that there has been 
a gradual ascent from lower to higher forms, and that the 
flora and fauna of the present day are widely diflerent 
from those of any former epoch, the difference becoming 
greater with each descending stage in time. The second- 
ary law which regulates this ascent from lower to higher 
forms is yet unknown to Geology ; but whatever its 
nature, it embraces the whole scheme of vitality, from the 
lowest to the highest, and as it operated in the past, so 
the fair presumption is that it is operating in the present, 
and will continue to operate in the development of still 
higher forms for the future. 

Such are some of the more obvious teachings of Ge- 
ology—teachings which are every year receiving further 
extension and confirmation. It is by no means asserted 
that our science has either attained to perfect methods 
or arrived at ultimate truths ; but so long as its deduc- 
tions are founded on observed facts, it continues on the 
fair way to exactitude and certainty. By its efforts a 
totally new light has been thrown on the history of our 
planet ; and instead of an orb a few thousand years old, 
permanent in its appointments, and prepared solely as a 
habitation for man, we now perceive that it has existed 
for untold ages, has been subject to incessant mutation 
under the operations of natural law, had been the abode 



OSNE&AL INFSBENCB8. 121 

of myriad existences cycles before man was called into 
being, and may, under the operation of the same laws of 
progression, be the abode of higher existences when man- 
kind has ceased to be. In fine, as modern Astronomy 
taught the right relations of our little orb to the rest of 
the universe, so Geology has thrown new light on the 
various appointments of this orb^ and, in particular, on 
man's relation to the whole. 

A science thus professing to read the long history of 
our planet, its numerous physical mutations, its succes- 
sions of plants and animals, and its various geographical 
aspects in time, has necessarily many attractions to incite 
to its study. To the archaeologist it opens an almost in- 
definite field of research ; to the botanist and zoologist it 
presents higher and wider views of life; to the philosopher 
a thousand themes of intellectual exercitation ; and to 
the theologian new evidences at every turning, of creative 
wisdom, goodness, and design* Nor in an economical 
sense is its study less inviting, seeing how intimately 
man's civilisation and mastery over nature depends on a 
knowledge of the minerals and metals. In fact, without 
such knowledge the modem civilisation of Europe and 
America would have been impossible ; all that relates to 
mechanical power, means of intercommunication, dif- 
fusion of information, and cheap production, being the 
direct results of mineral and metallic appliances. 

The Earth's Crust, which forms the theme of this little 
volume, is thus at once the foundation of all geographical 
diversity, the varied habitat of plants and animals, the 
storehouse of the minerals and metals, the theatre of man's 
life-actions, and hence one of the most important subjects 
of his study and investigation. What we have given in 
I the preceding pages is a mere sketch in outline, but such 
an outline, we trust, as may incite to the perusal of fuller 
works, and, above all, to the study of Geology in the great 
stone-book of nature. There can be no true progress in 
natural science without investigation in the field, and the 
sooner the student learns to corroborate and extend the 
statements of his text-book by his own observations, the 
more rapid and encouraging will be his advancement 
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His leisure hours may be few, but the objects of geologic 
cal research are scattered everywhere beneath and around 
him ; and though his immediate locality may appear un- 
interesting and uninviting compared with other districts, 
yet he may rest assured that a thorough local knowledge 
is by far the best training either for the examination of 
other fields or for the understanding of their descriptions 
by other geologists. Even where no further study or 
field-work is desired, this little volume may be of use in 
directing the reader to the marvellous history of the world 
he inhabits, and in supplying him with such an outline as 
his own skill might fall to deduce from the perusal of 
larger and more technical treatises. The main aim has 
been to furnish the non-scientific reader with such infor- 
mation as he could readily appreciate, but at the same 
time to present it in systematic form, so that it might 
become an available basis for further investigation and 
research in the case of those who may thereby be induced 
to prosecute the study of Geology; 
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Adkatiies Hibemiciu, Deyoxdan fern, figured • 
Amjgdaloid, a variety of trap rock . . • 
Ananchytea, sea-urchin of Cnalk period 
Anthracoaaurua, (Gr. coal-reptile,) Carboniferona 
Anticlinal atrata, (Gr. cUno, I bend or alope ; anti, in op- 

poaite directiona) 

Antiquity of globe, as proved by geology 
Aqneoua agents of change, (Lat. aqua, water) 
Archsoli^cal interest of geology 
ArchaBopteryx, fossil bird of Oolitic era 
Aaupbua^ Silurian trilobite, figured 
Aapidorhynchua, fish of Oolitic sjratem, figured 
Atmospheric or meteoric agenciea 
AtoUa, or circular coral-reefii . . . 
Atrypa, Silurian brachiopod, figured • 
Bakevellia, Permian bivalve, figured . 

Basalt, nature of 

Beda and bedding in geology . . . 
Belemnite, bone of f oasil cuttle-fish • • 
Bituminous exudations . . • • 

Bone-banks in existing seas 
Bothrodendron, (Gr. pitted-bark,) Carboniferona 
Boulder clay, or drift .... 

Brecciated texture, (ItaL breccia, a fragment) 
Bunter sandstone of Triassic system 
Bumtones of Paris basin .... 
Cacullsea, Devonian bivalve, figured 
Gamozoic systems, (Gr. kainos, recent ; zoe, life) 
Gainozoic cycle. Tertiary and Recent . . 
Calamitea, (Lat. stone-reed,) figured . 
Cambrian system, its characteristica 
Carbonic acid, its wasting effects on limestones 

Carboniferous system 

Carpolithes, (Gr. fossil friiits,) of Chalk 
Catenipora, Silurian chain-pore coral, figured 
Caulerpa, Permian coniferoua stem, figured 
Cephalaspis, (Gr. buckler-head,) Devonian fish 
Cwatites, IMaasic cephalopod, figured . 
Cheiracanthus, (Gr. spiny-fin,) Devonian fish 

Chemical agencies 

Chemical accumulations of Current era 
Classification of stratified and unstratified rocka 
Cleavage, nature of slatv-deavage 
disiophyUum', Carboniferous cup-coral, figured 
Clyde beda, claya of Glacial epoch . . 
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Glymenia, Devonian oliambered shell, figured ... 64 

Coal-meafliires, lower and upper . • 56 

Coal-measures, industrial products of 60 

Columnar and sub-columnar structures .... 27 

Concretionary structure, (Lat. con, together; cretus, grown) 27 

Conglomeritic texture defined 27 

Coprolites, (Gr. koproSy dung; lithos, stone,) fossil droppings 69 

Coral-reefs as geological agents 18 

Coral-reefs, their growth and Tarieties • • • • 106 

Cranogges, or ancient lake dwellings 103 

Cretaceous, or Chalk system ' . • • • • • . 78 

Crust moyements of Current e]X>ch • • • • . 110 

Crust-motion, definition of the term • • • « • 20 

Crust of the earth, oompK>sition of . • • • • 21 

Crust of the earth, definition of 12 

Crust as differing from the interior . • • • • 21 

Crystalline and sub-crystalline structure • • • • 27 

Cyathophyllum, Silurian cup-coral, figured . • • • 48 

Cypress swamps as geological agents 18 

Caress-swamps, their accumulation 106 

Cystidea, Silurian echinoderm, figured . . • • 48 

Beltic deposits of Current epoch 101 

Dendrerpeton, (Gr. tree-lizard,) Carboniferous . • • 69 

Deyonian system, or Old Bed Sandstone • . • • 51 

Dicynodon. tusked Triassic reptile '..••• 69 

IMnomis, (Gr. terrible-bird,) of New Zealand • • • 101 

Dip or inclination of strata 25 

Diplacanthus, (Gr. double-spine,) Devonian fish • • 63 

Diplograpsus, or double graptolite, figured .... 48 
Disrupting rocks, nature of, (Lat. dM, asunder; rupiui^ 

broken) - . . . . 25 

Downs and wolds of the English Chalk .... 83 

Downthrows and upthrows defined . - • . • . 25 

Durham, New Bed Sandstone rocks of • • • • 62 

Dyas, (Gr. twofold,) or Permian system .... 61 

Dyke in geology, definition of ..•••• 26 

Earthqui^es, recent effects of . . • • # • 109 

Earthquakes, nature and effects of • • • • . 20 

Elephant, Asiatic, grinder of, figured . • • • • 102 

Fluviatile. or river accumulations • • • • • 100 

Encrinus liliiformis, figured *.•••• 68 

Eocene, or Lower Tertianr-strata 87, 88 

Estheria, minute bivalved crustacean, figured . • . 68 

Eurite, a whitish variety of granite . . . « • 39 

Puller's earth of Oolite 71 

Euomphalus, Carboniferous gasteropod .... 69 

Eurypterus, (Gr. broad-paddle,) Devonian crustacean . . 63 

Fault or dislocation of strata 25 

Fenestrella, (Lat. little window-pane,) Permian fossil . • 63 

Flint implements in river-drift 112 

Foliated structure, (Lat. folium^ a leaf) .... 27 

Formation, definition of, in geology . . • • • 28 

Fossil (Lat fp88U8, dug up) defined • • • • • 14 
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Fomniiiifera^ (Lai. forafMn^ a pore,) microioopio orefttnrei 

of lowly oigADuation 18 

Frost as a geological agent 16 

Galerites, (Gr. belmet-shaped,) Glialk sea-urcliixis . • 81 

Qaiilt, or golt, of Chalk system ...••• 79 

General inferences and deduotioiis 117 

Geological change, causes of 14-22 

Geology, its theoretic and economio importance • • • 11 

Geology, its aim and objects •••••. 7-13 

Geology, its theolcM;ioal bearings 121 

Geology as an intelleotnal exercise • • • • • 121 

GlaouX, or boulder drift • • 94 

Glaciers (Fr.) as geological agoits • • • • • 16 

Globigerina, Cretaceous foraminifer # . . • • 81 

Glyptolepis, (Gr. sculptured scale,) Deyonian fish • • 63 

Gold veins in Silurian strata •••••• 49 

Granitic rooks, their plaoe in G^logy • • • • • 30 

Greenstone, a yariety of tiap rock • • • • • 37 

Greensand formation 79 

Granite, varieties of*. .•••••39 

Granitic rocks, as a group ..••••• 38 

Granitic rocks, their areas of oeourrenoe • • • • 39 

Graptolite, Silurian soophyte, figured 48 

Gryphea, characteristic shell of Oolite, figured • • • 72 

Guano of Pacific idandfl 107 

Hamite, hookHBhaped cephalopod of Chalk . • • • 81 

Hereford, Old Bed Sandstone of 52 

Heterooercal, or unequally-lobed tailed fishes • • • 62 

Holoptychius, (Gr. aU-wrmkle,) Devonian fish • • • 53 

Hypoaoic rocks, (Gr. hypo, under ; «oe, life) • • • 30 

IceDeigB(Ger.) as ^logical agents . • • • • 16 

Ichnites, (Or. fossil footprints) 69 

Ichthyosaurus, (Gr. fish-reptUe,) figured • • • • 74 

Igneous or fire-formed rooks •.•••• 33^1 

Intermediate forms of life • • 93 

Interstratified igneous rocks, (Lat. inier^ between) • • 26 

Joints, and jointed structure, definition of . • • • 26 

Jungle-growths as geological agents • • • • • 18 

Jurassic, or Oolitic formation ••••.• 71 

Keuper marls of Trias ••..••• 66 
Labyrinthodon, (Gr. tooth with labyrinthine structure,) 

Triaasio reptile, skull, tooth, and footprints of . • 68 

Lacustrine, or lake accumulations . . . • • 102 

Laminated structure, (Lat. lamina^ a thin plate) • • 26 

Lapilli, (Lat. little stones,) volcanic pebbles • • • 33 

Lepidodendron, (Gr. scale-tree,) figured • • • • 57 

Lias, or Liassic formation •.•••• 70 

Lignite or wood -coal, (Lat. lignum^ wood) . • • • 18 

Lingula, Silurian braohiopod, figured . • • • • 48 

lituite. Silurian chambei^ shell, figured . . • • 48 

Littoral, or shore accumulations 104 

Lode, or metalliferous vein 26 

Macrocheilus, Permian gasteropod, figured . . . • 63 
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MagneBian limesfcone of England • • • • • 62 

Mammoth, grinder of , figured ...••. 102 

Man, antiquity of 112 

Mantellia, (after Dr Mantell,) fossil oycas • ... 71 

Marine accumulations and deposits 103 

Mastodon, grinder of, figured ..•••• 102 

Megalodon, Devonian bivalve, figured .... 54 

Mesozoic systems, (Gr. mesos, middle ; 2oe, life) ... 30 
Metamorphic rocks, (Gr. meta and morph^, a thorough change 

of form or nature) 30 

Metamorphic strata, as a group 42 

Metamorphic strata, where occurring 42 

Millstone grit, formation . . . . • • • 56 

Mimosites, mimosa-like plants of Tertiary . . • . 91 

Miocene, or Middle Tertiary strata 87, 88 

Mountain or Carboniferous limestone . . . • • 56 

Murchisonia, (after Murchison,) paleeozoic gasteropod . . 48 

Muschelkalk of Triassic System ...... 66 

Myophnria, Triassic bivalve, figured 68 

Neuropteris, (Gr. nerve-fern,) Garboniferoug ... 57 

Nipadites, palm-like fruits of Tertiarv . . . . 91 
Nummulite, (Lat. numrnvs, a coin,) coin-shaped foramini- 

ferous organism 81 

Nummulitic limestone of Europe 90 

Ocean currents as geological agents 17 

Oldhamia, Silurian zoophyte, {after Professor Oldham) • 48 

Old Bed Sandstone, or Devonian system . . . • 61 

Old Bed Sandstone of Scotland 52 

OoUte of England, (Gr. oorif egg; lithoa^ stone) . • • 70 

Oolitic system, members of 70 

Oolitic era, physical aspects of ..«.•• 77 

Oolitic texture, (Gr. oon, an egg ; lUhoe, stone) • • • 27 

Orbitoidal limestone of America .90 

Organic agencies, (Gr. organon, a member) ... 18 

Or^mio accumulations of Current epoch • • • • 105 

Osseous breccia, or bone-breccia 107 

Ossiferous or bone-yielding gravels . . • • • 107 

Osite, (Lat. bone-breccia,) or Sombrero guano . • • 107 

Osteolepis, (Gr. bony-scale,) Devonian nsh • • • • 53 

Outcrop of strata defined 25 

Overlying igneous rocks 34 

FalsBoniscus, Carboniferous and Permiaii fish ... 63 

Falffiontology, as a science . 4S 

PalsBophis, Tertiary snake . . • 92 

Paheotherium, Tertiary manunal, figured .... 93 

Palspozoio cycle, lower systems of . . • • . 51 

Palaeozoic systems, lower . . . . . • • 42 

Paleeozoic systems, (Gr. palatos, ancient ; zoe, life) • • 30 

Paleiyx, Tertiary serpent . 92 

Palmacites, palm-like leaves of Oolite . • • . 71 

Peat-mosses as geological agents ,18 

Peat-mosses, their modes of growth • . • • • 106 

Pecopteris, (Gr. comb-fern,) figured . • . • • 57 
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Pelagic, or deep-sea deposits 
Pentacrinite, coAractenstic encrinite of Oolite 
Perohed blocks, or solitary boulders . 
Penman, or Lower New Red Sandstone 
Phosphatic nodules of greensand 
Flagiostoma (Gr. oblique mouth) of Oolite 
Heistoicene, or Uppermost Tertiaries . 
Plenrophorus, Permian (ribbed) bivalve, figured 
Pliocene, or Upper Tertiary strata . 
Porp^ry, a variety of igneous rock 
Post-Tertiary, or Quaternary system • 
Progression and development . . 
Protogine, a variety of granite. (Gr. protot, 

I am formed — first formed) . . 
Pterophyllum, cycas-like leaf of Oolite 
Pterichtnys, (Gr. winged fish,) Devonian 
Pterodactyle, winged reptile of Chalk • 
Pterygotus, Devonian crustacean . 
Pumice, or lava-scum, (Lat. spunuiy froth) 
Quaternary, or Post-Tertiary system » 
Bain as a geological agent 
Beptiles oi the Oolitic era • • 
Bivers as geolcgical agents • . 
Bock, technical meaniog of . 
Bock-salt of Trias, or Upper New Bed 
Saccharoid texture, (Gr. saccharum, sugar 

form of, like to) ... • 
Salif erous system of earlier geologists . 
Saline deposits and incrustations . 
Salinas of South America . . . 
Sand-dunes, hillocks of blown sand 
Sandstone, definition of . . . 
Scaphite, boat-shaped cephalopod of Chalk 
Schist and schistose, (Gr. gchianuif a splitting) 
Scoriae, or volcanic cinders 
Scratched rock surfaces of Boulder epoch 
Seam, definition of, in geology . • 
Sea-urchins of Cretaceous system 
Sedimentary rocks, (Lat. sedo, I settle down) 
Shale defined, (Ger. tchaleny to split or peel off) 
Shell-beds as geological agents . . 
Shell-beds, accumulation of . • 

Sigillaria, (Lat. seal-stamped,) figured 
Stalagmites and stalactites 
Sti^aria, (Lat. punctured-stem,) figured 
Striated rock-suif aces of Boulder epoch 
Siliceous sinter and tufa . 
Silurian system, its minerals and fossils 
Sinter and tufa, siliceous and calcareous 
Sphenopteris, (Gr. wedge-fern,) figured 
Spheroidal structure of rocks 
Sponges, silicified, of chalk system 
Springs, their mineral characteristics . 
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Stratified and tmstratified rock-masses • • • • 8, 9 

Strati^ed rocks, relations of ...«•• 24 

Stratined i*ocks, their chronological arrangement . . 30 

Strike of strata defined ' 25 

Stringooephalas, Devonian brachiopod, flgOred • • . 54 

Strophomena, Silurian braohiopod, figured • • # • 48 

Structure and texture of rocks 26 

Sub-fossil, or partially-fosml forms • • • • • 101 

Submarine forests, nature of ..«•#. 104 

Superficial accumulations of Giirrent era • • • • 100 

Syenite, a variety of granite 39 

Synclinal strata, (Gr. dino, I bend or dope ; iyn^ together, 

or to the same point) ..••••• 24 

Tabular view of stralified rock-systems • • • • 30 

Taxocrinus, Silurian encrinite, figured • • • • 48 

Tertiary system • • • • 86 

Texture and structure of rooks • • • • • • 26 

Tides as geological agents • • 17 

Trappean rocks, as a group ..••••• 36 

Trappean rocks, their place in Geology • • • # 30 

Travertine (Ital.) of Tibur, in Italy 108 

Tree-canoes in lake deposits 103 

Triassic, or Upper New Bed Sandstone • • • • 66 

Trigonia, bivalve shell of Oolite^ figured • • « • 72 

Tripoli, or polishing stone, origin of • • • • • 90 
Tuff, or trap-tuff, (ItaL tufOf a light porous rock, arising 

from the consohdation of volcanic soorie and ashes) • 37 

Tufa and sinter, calcareous and silioeoni • # • • 106 

Unstratified rocks, their dassifioatum 30 

.Xniah Bund, upheaval of . •••••• 109 

Uprise of land m northern hemisphere • • • • 110 

Upthrows and downthrows defined 25 

Valleys of erosion, (Lat. erotiu, gnawed out) • • • 17 

Ve^table matter, its modes of accumulation • • # 18 

Veins, metalliferous, defined •••••# 26 

Ventrioulitesf fossil sponge of Chidk era • • • • 80 

Volcanic accumulations of Current era • • • • 109 

Volcanic rocks, their arrangement • • • • • 30 

Volcanic rocks, as a group ... • • • • # 33 

Volcanoes, areas of oocurrenoe ••#••• 34 

Volcano, ideal section and aspect of, figured • • • 36 

Volcanoes, nature and effects of . . • • • 20 

Vulcanic agency, (Lat. Vulcamut, god of fire) ... 19 

Waves as geological agents 17 

Wealden lormation of England •70 

Weathering of rocks defined 19 

Woodocrinus, (after E. Wood,) Carboniferous encrinite • 68 

World-histonr, as deduced from geological data . • • 117 

Yorkshire, New Bed Sandstone rocks of • • • • 62 
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